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THE BIOLOGIC DECAY PERIODS OF SODIUM IN NORMAL MAN, IN 

PATIENTS WITH CONGESTIVE HEART FAILURE, AND IN PATIENTS 

WITH THE NEPHROTIC SYNDROME AS DETERMINED BY Na” AS 
THE TRACER 


Sam THREEFOOT, M.D., GrorceE Burcu, M.D., anv Paun Reaser, M.D. 
NEw ORLEANS, La. 


SUBSTANCE introduced into an organism tends to be eliminated ex- 
A ponentially, that is, the amount excreted is a fairly constant percentage of 
that which remains. Mathematically, the substance is never completely elimin- 
ated, and it is therefore preferable to measure the interval of time required to 
eliminate one-half the material introduced ; this is known as the biologic half-life 
period of the substance. It is important to know this measurement for several 
reasons: 


(1) The length of time required to excrete one-half an isotope or labeling 
substance introduced into an organism is equal to the time required to excrete 
one-half the total amount of the regular form of the substance already present 
in the organism. Therefore, a measurement of the biologie half-life period of the 
substance introduced indicates the total rate of turnover of the regular substance. 

(2) Whenever radioelements are introduced into an organism, the safety 
factor is determined in part by the time interval of exposure of the organism to 
radiations from the radioelement. Radioelements with a long physical half-life, 
such as Na** or C™, will not decay rapidly enough to change their activity ap- 
preciably. The degree of their action upon the organism, on the other hand, is 
reduced as the radioelement is excreted. Therefore, from a knowledge of the 
biologie half-life period the duration of exposure of the organism to the radia- 
tions of the substance is known. 

(3) Safety measures of public health importance are concerned with the 
biologie half-life period of radioelements, and these problems will assume greater 
import as radioelements are more widely employed. 

(4) The biologie half-life period of a substance influences the nature of the 
study concerned with labeling by radioactive substances, such as the rate of 
collection of samples of biologie fluids, the time at which animals must be saecri- 
ficed, and clinical management of human subjects. For example, a radioelement 
with a relatively long biologie half-life period and a very short physical’ half-life 
is not suitable for tracer studies involving over-all turnover in the organism. 
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(5) The biologie half-life period is an important factor in calculating 
dosages of radioelements to insure levels of counts which permit accuracy of 
measurements. 

(6) The influence of disease upon the biologic half-life is significant from 
the point of view of understanding disease and of planning further investiga- 
tions. 

(7) This measurement is also valuable in clarifying problems related to 
therapy, characteristics of species in animals and plants, toxicology, and many 
other problems peculiar to individual experiments. 


The wide variations in metabolic activity, diet, and general biologic processes 
affect the biologic half-life of radioelements considerably. This is true in health 
and particularly in disease. For this reason, values for the biologic half-life of 
a substance for a normal organism cannot be applied empirically to an abnormal 
one. For example, since the excretion of a substance varies with each subject 
and with the intake of that substance by the organism, any interpretation based 
upon an average biologic half-life period is only an approximation for some 
other subject with a different intake and a different biologic state. 

During the course of the study of the rate of sodium turnover in normal 
human subjects and the influence of congestive heart failure on sodium excre- 
tion with a limited supply of long half-life radiosodium (Na*? with t, of three 
years), sufficient data were obtained to indicate the biologic half-life period of 
sodium in man. These help elucidate the influences of diet and drugs upon the 
biologie half-life in normal man as well as in patients with chronic congestive 
heart failure and in those with the nephrotic syndrome of chronic glomerulo- 
nephritis. 


MATERIALS AND METHODS 


In the studies with Na22 not designed primarily for measuring the biologic half-life 
period of sodium, twelve subjects were observed continuously for periods varying from 
twenty to seventy days. Four of these were normal subjects, six had chronic congestive heart 
failure (two were slowly improving, two rapidly improving, and two slowly becoming worse), 
and two patients had the nephrotic syndrome of chronic glomerulonephritis (see Table I for 
clinical details). 

Na22, as NaCl in approximately 2 c.c. of water, was administered intravenously to each 
subject. Doses with an activity such that there were 17,725,000 counts per minute (about 
.09 me.) were administered to seven subjects (Nos. 2, 3, 4, 5, 6, 11, and 12), 12,500,000 
counts per minute (about .06 mc.) to three subjects (Nos. 1, 7, and 9), and 10,000,000 
counts per minute (about .05 me.) to two subjects (Nos. 8 and 10). It was found that 
sufficiently high counts could be obtained by injection of smaller doses, necessitated by the 
limited supply of Na22. 


Each specimen of urine during the entire period of study was collected separately, and 
daily blood samples were taken. The volume of each urine specimen, and the radioactive count, 
were recorded so that total elimination of radiosodium could be determined. Counts of blood 
serum were followed as an index of radiosodium concentration in the extracellular fluid. 

Sixteen free-falling drops of urine or serum from a calibrated micropipette were placed 
on filter paper disks fixed with rubber cement to metal disks so that the quantity and 
geometric characteristics of each sample remained constant. The samples were counted for 
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TABLE I. CLINICAL DATA 











AGE INITIAL WEIGHT 
SUBJECT NO. (YR. ) _ SEX (POUNDS) DIAGNOSIS 
A, Normal or Control 
1 41 M 142.5 Obliterative pleuritis 
2 16 F 13 Acute rheumatic fever 
3 33 F 121 Esophageal peptic ulcer 
4 3 F 123 Duodenal ulcer 
B. Congestive Heart Failure (Slowly Improving) 

5 47 F 153 Hypertension 

6 48 F 162 Arterial hypertension 
C. Congestive Heart Failure (Rapidly Improving) 

7 63 M 131.5 Hypertension 

8 47 F 134 Rheumatic heart disease (inac- 
tive) ; auricular fibrillation 

D. Congestive Heart Failure (Slowly Becoming Worse) 
9 46 M 155.5 Syphilitic aortic insufficiency 
10 54 F 129.5 Hypertension 
E. Chronic Hemorrhagic Nephritis (Nephrotic Syndrome) 

11 15 F 138 Renal function 25 to 30 per 
cent normal; slowly improv- 
ing 

12 28 F 285.75 Renal function 25 to 30 per 


cent normal 





five minutes with mica-window Geiger-Miiller counters. Corrections for background were 
made, and the data were recorded in counts per minute per cubic centimeter of fluid. In 
order to compare the concentrations of radiosodium in the serum, all counts were corrected to 
correspond to an injected dose of 17,725,000 counts per minute for each subject. The range 
of error was plus-minus 3 per cent. 

The urinary excretion of Na22 was expressed in terms of the percentage of injected 
Na22 which was not eliminated by the kidneys. This value, represented symbolically as 


JN, was calculated from the equation 


s=—1 
%N,. = ( - “5~) x 100 


where 
N, = injected Na22 in counts per minute, 


k, — Na22 excreted in urine only during the s' day after in- 
jection, expressed in counts per minute, 
YN, =percentage of injected Na22 not excreted in urine by the 
end of the t'" day after injection. 


Weights and fluid intake and output were recorded daily for each subject. The sodium 
intake was varied in some instances from low (<1.7 Gm, NaCl per day), to regular (8 Gm. 
NaCl per day), to high (13.7 Gm. NaCl per day), and the effect on the rate of elimination 
of radiosodium was noted. Mercurial diuretics* and other drugs, used frequently in both the 
diseased and normal subjects, exerted some influence on the rate of excretion of the radio- 
sodium. 


_ *Mercuhydrin (sodium salt of methoxyoximercuripropylsuccinylurea with theophylline), 
furnished by courtesy of Lakeside Laboratories, Milwaukee, Wis. 
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TABLE II. THE InpivipuaL AND MEAN C,/, AND U;/2 VALUES FOR THE SUBJECTS STUDIED 








| DAYS OF WEIGHT 
| CONTINUOUS CHANGE 
SUBJECT NO. Cis. Ui /2 OBSERVATION (POUNDS) 





A. Normal or Control 
14 30 62 - 3.5 
13 9 22 -14 
12 42 45 -11 
14 34 65 .25 
13.3 28.8 48.5 — 6.6 
b. Congestive Heart Failure (Slowly Improving) 
40) 60 35 -18 
42 72 46 - 7 
Mean 41 66 40.5 -12.5 
C. Congestive Heart Failure (Rapidly Improving) 
13 26 62 —29 
28 33 58 -17 
20.5 29.5 60 —23 
. Congestive Heart Failure (Slowly Becoming Worse) 
) 24 72 68 
10 30 48 58 
Mean 27 60 63 
E. Chronic Hemorrhagic Nephritis (Slowly Improving) 
11 58 660 45 
12 54 366 71 
Mean 56 513 58 
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Fig. 1.—Semilogarithmic graphs of relation of changes in serum Na” concentration 
(counts per minute per cubic centimeter) to time. 

A, Four subjects without cardiovascular disease. The mean rate of fall in concentra- 
tion was such that half-concentration was reached in 13.3 days (C1/2). 

B, Normal Subject No. 1, showing a change in rate of fall in concentration with varia- 
tions in sodium content of the diet, low sodium diet (1.7 Gm. NaCl daily) and high sodium 
diet (13.7 Gm. NaCl daily). At rate a, with low sodium diet, serum concentration reached half 
the initial value in twenty-five days. At rate b, with a high sodium diet, half serum con- 
zentration was reached in eight days, and at rate ec, when a low sodium diet was resumed, half- 
concentration was reached in eighteen days. 
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RESULTS 


Results are summarized in Table II and in Figs. 1, 2, 3, 4, and 5. 


1. Controls—tIn the four control subjects who had no disturbance in the 
cardiovascular system and no edema, the serum concentration of Na®? dropped 
to half the initial level in an average of 13.3 days, the extremes being twelve and 
fourteen days (Table II and Figs. 1 and 4). The rate of elimination of the iso- 
tope in the urine was such that one-half of the Na?? administered would have 
been excreted in an average of 28.8 days, with a range of nine and forty-two days 
(Table II and Figs. 3 and 4). Subject No. 1 demonstrated the influence which 
intake of sodium chloride has on the rate of elimination of Na**? from the body 
(Figs. 1, B and 3, B). The rate of decline in serum concentration whereby one- 
half the initial concentration was reached in twenty-five days when the patient 
was given 1.7 Gm. of available sodium chloride increased to a rate whereby one- 
half the initial concentration was attained in eight days (three times as rapid) 
when 13.7 Gm. of available chloride was allowed, and then changed again to a 
reduced rate of eighteen days when the patient again received 1.7 Gm. available 
sodium chloride (Fig. 1, B). Similar response was noted for rates of elimination 
in the urine (Fig. 3, B). 


2. Patients With Chronic Congestive Heart Fulure.— 

(a) Patients Slowly Improving: In two patients who were slowly recover- 
ing from congestive heart failure forty and forty-two days were required for the 
serum concentration of Na?’ to reach one-half the initial level (Table II and Figs. 
2, A and 4). These patients required about three times as many days as the 
control subjects for reduction of serum concentration of Na?? to half the initial 
level. The Na? was excreted in the urine at such a rate that sixty and seventy- 
two days would have been required to excrete one-half the administered Na*? 
(Table II and Figs. 3, C and 4). The rate of excretion of Na®* in the urine of 
the control subjects was more than twice as rapid as in the patients with heart 
failure. 

(b) Patients Rapidly Improving: The two patients with chronic congestive 
heart failure who improved rapidly required an average of 20.5 days (extremes, 
thirteen and twenty-eight days) for the serum concentration of Na®? to reach 
one-half the initial level (Table II and Figs. 2, B and 4). The mean rate of ex- 
cretion of Na®? was 29.5 days, the extremes being twenty-six and thirty-three 
days (Table II and Figs. 3, D and 4). Although the average rate of decline in 
the serum concentration in Patient No. 7 was thirteen days, once improvement 
began, the rate of decline exceeded that of the control subjects. Initially the 
rate of decrease in blood concentration of Na®? was such that half concentration 
would have been reached in fifty-five days. During rapid improvement, however, 
this level was attained in six days, a rate more rapid even than that of the con- 
trol subject on a high sodium intake. The rates of elimination of Na in the urine 
of this patient tended to parallel changes in concentration in the serum (Figs. 
2, B and 3, D). Patient No. 8 also showed two rates of decline in serum concen- 
tration of Na®? (seventy-one and twenty-four days respectively required to reach 
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Fig. 2.—Semilogarithmic graphs of changes in serum Na” concentration (counts per 
minute per cubic centimeter) as a function of the time for six patients with congestive heart 
failure and two patients with the nephrotic syndrome of chronic glomerulonephritis. 

A, Two patients with congestive heart failure who were slowly improving. Patient No. 
showed a mean rate of fall in serum Na* concentration so that half-concentration was reached 
in forty days (C1/2). -atient No. 6 showed a mean rate of fall in concentration so that half- 
concentration was reached in forty-two days. It may be noted on the graphs that for each 
of these patients several rates of change existed, although only the mean rate is shown by the 
straight line. 

B, Two patients with congestive heart failure who were rapidly improving. Patient 
No. 7 showed two distinct rates of fall in serum Na” concentration. The first rate, maintained 
for eighteen days, was such that half-concentration would have been reached in six days. 
Patient No. 8 also showed two distinct rates of fall in serum Na™ concentrations. The first 
rate, present for eighteen days, was such that half-concentration would have been reached in 
seventy-one days, whereas with the second rate twenty-four days would have been necessary. 

C, Two patients with congestive heart failure who were slowly becoming worse. Patient 
No. 9 showed a mean rate of fall in serum Na” concentration so that half-concentration was 
reached in twenty-four days (C1/2). Patient No. 10 showed a mean rate of fall in concentra- 
tion so that half-concentration was reached in thirty days. Several rates of change in concen- 
— may be noted, although only the mean rate for each patient is indicated by the straight 
ine. 


5 


D, Two patients with the nephrotic syndrome of chronic glomerulonephritis. Both of 
these patients were discharged from the hospital and later readmitted for continuation of the 
studies. On the first admission Patient No. 11 showed a mean rate of fall in serum Na con- 
centration so that half-concentration would have been reached in fifty-eight days (C12). Dur- 
ing the second period of study this patient showed a mean rate of fall in concentration so that 
half-concentration would have been reached in -thirty-seven days, and Patient No, 12 required 
fifty-four days. 
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half-concentration) and at least two rates of elimination of Na*? in the urine 
(Figs. 2, B and 3, D). These two patients eliminated Na”? more rapidly than the 
two patients who were improving slowly. 

(c) Patients Slowly Becoming Worse: Two patients gradually became clini- 
eally worse throughout the period of study. The serum concentration of Na** was 
reduced to one-half the initial value in an average of twenty-seven days, the 
extremes being twenty-four and thirty days (Table II and Figs. 2, C and 4). The 
mean rate of loss of Na?? in the urine was such that one-half the administered 
Na”? would have been excreted in sixty days, with extremes being forty-eight 
and seventy-two days (Table II and Fig. 3, ). These patients required a longer 
period of time to excrete the Na”? than did the control subjects or the patients 
with congestive heart failure who were rapidly improving, but essentially the 
same time was necessary in patients who were slowly improving. 

3. Patients With the Nephrotic Syndrome of Chronic Glomerulonephritis.— 
The two patients with the nephrotic syndrome showed the slowest rates of 
elimination of Na??. The decline in the serum concentration of Na”? was such 
that an average of fifty-six days (extremes, fifty-four and fifty-eight) would 
have been required for the serum level to reach one-half the initial value (Table 
IT and Figs. 2, D and 4). The rate of Na”? excretion in the urine was extremely 
slow in both patients: an average of 513 days would have been necessary to 
eliminate one-half the Na?? administered (Table II and Fig. 3, F). The control 
subjects exhibited a rate of decline in the serum concentration of Na?? more than 
four times as rapid as in these patients, and the rate of urinary elimination was 
ten to twenty times as rapid (Table IT and Fig. 4). 


DISCUSSION 


? 


Morgan’ suggested the symbol ‘‘Te’’ for ‘‘the body elimination half-life.’ 
This term is satisfactory if the time required to eliminate one-half the radioactive 
material administered ean be determined without too much difficulty. Un- 
fortunately, this is not easily accomplished in man, especially for sodium. 
Results indicate that there are considerable variations in normal as well as in 
diseased man. Because of these wide variations from moment to moment 
and because of differing conditions of environment, diet, physical activity, 
severity, stage and course of disease, therapy, previous physiologic state, 
and many other factors, it is possible to obtain only an approximation of the 
time required to eliminate one-half the radioactive material administered. 
Furthermore, values observed for changes in blood concentration differ from 
those for elimination in the urine (Table II, Figs. 1 to 4). It is, therefore, 
preferable to indicate in the symbol for the half-elimination time the method 
by which the value was obtained. It is suggested that the following symbols be 
employed in the discussion of rates of elimination: 


By, = biologic half-life, that is the time required to eliminate one-half 
the administered tracer substance from the body. This corresponds to the 
**Te’’ value of Morgan. 

Cy, = concentration one-half, that is the length of time required for the 
concentration of the tracer material in the body fluid or substanee or 
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Fig. 3.—Semilogarithmic graphs for all subjects showing the urinary excretion of Na” 
(percentage of injected Na” which was not eliminated by the urine). This value was obtained 
from the total counts of Na* excreted daily through the urine. That for the first day was 
subtracted from the total counts injected; the total for each successive day was subtracted 
serially. Each resultant was then expressed as a percentage of the total injected dose. These 
values represent that radiosodium which has remained within the body plus that which has been 
excreted by some other route, i.e., that Na” which has not been eliminated in the urine. This 
also indicates the rate of excretion by way of the urine. 

A, Four subjects without cardiovascular disease. If all the Na* were eliminated in the 
urine, the day upon which one-half of the injected radiosodium would have been excreted 
(mean value, U:1/2). 

B, Normal Subject No. 1 shows changes in rate of excretion of Na” in the urine with 
changes in the sodium content of the diet. For twenty-two days during a low sodium diet 
the rate of elimination in the urine was such that one-half the sodium present in the body 
would have been eliminated in one hundred days (U:/2). For the next nineteen days during a 
high sodium diet the rate of excretion increased, so that one-half the body sodium would have 
been excreted in the urine in nineteen days. For the last nineteen days of observation during 
a low sodium diet and administration of antidiuretics, the rate of urinary excretion of body 
sodium was such that 250 days would have been required for excretion of one-half the sodium 
present at the beginning of that period. Actually one-half the injected Na* was excreted in 
thirty days. 

C, Two patients with congestive heart failure who were slowly improving. Several dif- 
ferent rates of excretion for each patient may be noted, the mean rate for the two patients 
being sixty-six days for excretion of half the Na* injected. 

D, Two patients with congestive heart failure who were rapidly improving. Several rates 
of excretion may be observed. The mean length of time required to excrete one-half the in- 
jected Na by the urine was 29.5 days (U1/2). 

E, Two patients with congestive heart failure who were slowly becoming worse. Changes 
in rate of excretion may me noted as in the other subjects. The mean time necessary for 
excretion of one-half the injected sodium through the urine was sixty days. 

F, Two patients with the nephrotic syndrome of chronic glomerulonephritis, If sodium 
were excreted only by the urine, a mean of 513 days would have been required to excrete one- 
half the injected radiosodium, 
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specific compartment to reach one-half the concentration existing at any 
time after equilibrium of distribution of the tracer has been reached. 
It is thus possible to speak of the Cy, for cerebrospinal fluid, Cx, for 
hepatic parenchyma, Cy for blood serum. 

Uy = urinary elimination one-half, that is the length of time necessary 
to eliminate in the urine one-half the tracer material administered. 


From the point of view of safety’ it is actually the Cy, that is important. 
Since the Cy, and Uy are sometimes extremely different, particularly in ab- 
normal states (Table II, Figs. 2, 3, and 4), the Uy, value is of little assistance 
in calculation of dosages and may result in error. By is certainly important 
but is not easily determined in man, especially for sodium. Such a determina- 
tion would require measuring all of the radiosodium excreted by all avenues 
for long periods in a great many persons under varying conditions of diet, 
environment, disease, and therapy; this is a tremendous task. With the present 
state of knowledge of radioelements and biologie influences of radioactivity, 
Cy, and Uy, furnish important data of useful physiologic nature. The possi- 
bilities of variations in By, Cy, and Uy, are discussed in a second paper,’ and 
various mechanisms by which they may differ considerably are suggested. 

In all subjects studied, Cy, was less than Ux, except in Control Subject No. 
2. Careful analysis of the data failed to suggest a rational explanation for this 
discrepancy. Uy, is expected to be greater than Cx, since sodium is eliminated 
by avenues other than the urine, such as sweat, tears, sputum, feces, vomitus, 
and other body fluids. ‘‘Binding’’ of sodium in cells and onto cells, proteins, and 
other complex molecules can account in part for these differences. These factors 
should be studied in experiments designed to determine the By; the present 
experiments, however, were planned for other purposes, and it was not possible 
to make these measurements. They were satisfactory for determining the Cy 
and Uy, in the subjects observed. 

The Cy and By, would be expected to be identical in subjects in whom the 
size of the sodium compartment fails to change, and this is more likely to occur 
in normal than in diseased subjects. This is probably true for Control Subject 
No. 1, who was apparently normal in every respect. This was true clinically for 
Subject No. 2 except that she had fever with arthralgia three weeks before ini- 
tiation of the studies. Control Subjects Nos. 3 and 4, who suffered from dys- 
pepsia from time to time and experienced vomiting occasionally, were not truly 
normal but could be considered so for practical purposes. 

It is obvious from the values obtained for Cy, and Uy, that Na** is not 
suitable for measuring these parameters or for measuring By. Na’, on the 
other hand, is excellent for such purposes. Although the supply of Na?*? was 
limited, a relatively large number of subjects was observed for long periods of 
time. If the Cy values approximate the By, the physical half-life period 
(three years) of Na?* is of little value in safety considerations for the subject, 
because the radiosodium is excreted long before sufficient physical decay can 
occur, that is, for biologie purposes, Na®? may be considered stable. Na*‘, on 
the other hand, rapidly decays to levels of radioactivity too low for accurate 
measurements of biologic decay periods. 
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Fig. 4.—A bar diagram of the mean Ci/2 (value of time, days) for the serum Na” con- 
centration to reach one-half the initial equilibrium concentration (C1/2), and the mean time for 
one-half the injected Na” to be excreted in the urine (U:i/2). The mean value for each group 
is enclosed in the column and the extremes are indicated above the column. 


Although the subjects were followed for as many as sixty consecutive days, 
the Cy, or Uy, values often exceeded this period considerably, so that it was 
necessary to extrapolate the observed curves to obtain the values of Cy, and 
Uy, recorded. This was true for only two of the Cy, determinations and for 
seven of the U1,. Therefore, all the values of C1, and Ux, actually indicated 
the rates of change that existed only for the days observed. 

A number of factors other than exeretion ean alter the Cy,. As mentioned 
previously, a fixation of sodium to cells or protein and other large molecules 
will reduce the sodium content of the serum and the Na®® concentration. Fixa- 
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tion or binding of the tracer can result in a state such that Cy, cannot be equal 
to By. Another important factor is a discrepancy in water intake and output, 
particularly in states of edema. When more water is taken in than is excreted, 


RELATION OF DIET TO CHANGES IN RATES OF EXCRETION AND 
OF DECREASE IN SERUM CONCENTRATION OF Na22 
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Fig. 5.—The relationship of change in sodium content of the diet and change in the rate 
of decrease of serum Na” concentration and change in the rate of urinary excretion of Na" 
for each subject. Sodium content of the diet is indicated by HS (high sodium, 13.7 Gm. NaCl 
daily), LS (low sodium, less than 1.7 Gm. NaCl daily), RS (regular sodium intake, 8 Gm. 
daily). Changes in rates are denoted by arrows; 7 indicates a more rapid rate of change in 
serum Na concentration or rate of urinary excretion; | indicates a reduction in either rate. 
Time is recorded as days of observation. High correlation of change in diet and change in 
rate may be noted in Subject No. 1, but poor correlation exists in the others (see text). 


then the Na®* content of the body fluids will be diluted, and the serum Na** con- 
centration will be diminished. If Na** counts for the serum had been employed 
alone in the interpretations, the rate of excretion of Na**® so obtained would 
have been inaccurate. In fact, if the sodium excretion fell almost to zero in a 
man who rapidly became edematous shortly after administration of a tracer dose 
of Na®* and if the edema were sufficiently severe to double the volume of the 
sodium compartment of the body, then the Na®* concentration in the serum 
would be reduced to one-half the initial value. Thus the subject might attain a 
Cy, value without excreting any sodium, but such a value would certainly differ 
greatly from the By. This dilution phenomenon was noted in some of the 
edematous patients studied (Subjects No. 9, 11, and 12). 

If the reverse situation occurs, that is if an intensely edematous subject 
loses water more rapidly than sodium, then an actual rise in the serum concen- 
tration of Na*? and therefore in the Cy, time would ensue. Here, too, the 
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Cy, and By, values would differ. It is obvious then, that the Cy, and By, values 
cannot be accepted as similar, particularly in subjects with edematous states. 


A glance at the biologic decay curves reveals considerable fluctuation in 
the serum concentration of Na?*. These fluctuations are partially due to 
technical variations but in greater part are attributable to changes produced 
by phenomena described in the preceding paragraph. Furthermore, some of 
the variations are the result of responses to drugs and other pharmacologic 
reactions. The responses to such materials as desoxycorticosterone acetate, mer- 
curial diuretic, sodium chloride and water intake, betahypophamine, and am- 
monium chloride were studied. These substances definitely influenced the Cx, 
Uy, and By, of the subjects. In some instances these correlations were difficult to 
interpret, whereas in others they were easy. For example, in Subject No. 1, the 
Cy, and Uy were influenced significantly by the sodium intake in the diet, a 
correlation made possible by allowing mainly dietary sodium to vary (Figs. 
1, B and 3, B). When the subject was on a low sodium chloride diet (1.7 Gm. 
of available NaCl), C1, and Uy, were definitely longer than during the interval 
when he was receiving relatively large quantities of sodium (13.7 Gm. of 
available NaCl). For example, initially while on a low sodium intake, Cy, 
and Uy, values were twenty-five and one hundred days respectively; on high 
sodium intake they were reduced to eight and nineteen days, and when a low 
sodium intake was resumed, the Cy, and Ux, values lengthened to eighteen and 
two hundred and fifty days respectively. The correlations were impressive and, 
of course, predictable. Most subjects, however, failed to show a definite rela- 
tionship between C1, and Uy, and sodium intake (Fig. 5). This failure is 
related to other factors, such as drugs, water intake, and the like, which influence 
Cy, and Uy. 

Another obvious factor of importance to consider when measuring the C1, 
and By, in edematous subjects is that concerned with the mechanical removal 
of fluids from various compartments of the body. For example, if large 
quantities of ascitic fluid or pleural fluid are removed from a subject at 
equilibrium and containing Na*’, By, will be changed without changing Cx. 
This factor may become significant in a subject who is receiving repeated para- 
centeses. Proper considerations can be made for such factors. 

Extremely edematous subjects who rapidly improve may excrete sodium 
at a rate considerably greater than that observed in the normal subject under the 
same therapeutic regimen. This phenomenon was noted for Subject No. 7, who 
had severe chronic congestive heart failure with anasarea. Diuresis was intense 
and prolonged, and during this period the Cy, and Uy, were six and twenty-two 
days respectively. The C1, was shorter than that observed for the control sub- 
jects, even when sodium intake was high. Obviously, the subject was excreting 
the fluid of edema and Na”? at a rapid rate, with the Na®® elimination out of 
proportion to the water. This resulted in a relatively short C1,. At the same 
time the By, period would have to be short. 

The results demonstrate reduction of sodium excretion in patients with 
ehronie congestive heart failure and chronic glomerulonephritis of the nephrotic 
type. The mean Cy, periods were several times longer for these diseased sub- 
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jects than for the controls. There were periods of improvement, however, for 
patients with congestive heart failure when Cy, and Uy, were shortened. These 
observations indicate the importance of considering the abnormal state in 
ealeulation of safety doses of radiosodium. It is essential that such variations 
of By, be known for any type of radioelement. 

It is relatively easy to determine Cy, and Ux, for a radioelement, whereas 
for a labeled compound or even a simple molecule it is much more difficult. 
The labeling isotope is being ‘‘turned over’’ in the molecule of the labeled sub- 
stance, and the substance itself is always in the process of breakdown and 
partial or complete resynthesis. Sometimes it is even possible to label complex 
structures to trace their By, a parameter difficult to evaluate even for elements. 
This is well exemplified by the measurement of the By, period of erythrocytes 
with N*.° Fe®® is not as satisfactory as N', and P*? is even less satisfactory 
as a tracer isotope because it does not remain within the erythrocytes through- 
out their life. Proper consideration must be given such problems in determina- 
tion of the Cy, Uy, or By, periods. 


SUMMARY 

Rates of elimination of sodium were studied with Na®? as a tracer in 
normal man and in man suffering from chronic congestive heart failure or 
from chronic glomerulonephritis of the nephrotie type. 

Because of the nature of the experiments, the true biologie half-life period 
(By) was not measured directly. Instead, the time necessary to reduce the 
serum concentration to one-half the initial level after the establishment of 
equilibrium (Cy) and the time required to eliminate one-half the injected 
Na** in the urine (Uy) were determined. Cy, values obtained were usually 
less than the Uy ones. Cy in the control subjects most probably was 
equal to By, but this was not likely to be true for the abnormal subjects. 
Cy and Uy, varied considerably with normal physiologic phenomena and with 
such abnormal states as congestive heart failure, nephrosis, and with administra- 
tion of drugs, and sodium and water intake. For example, a diet low in salt 
appeared to lengthen the time of Cy, and Ux, whereas a diet high in salt was 
shown to shorten them. 

C1, was increased about threefold in patients with chronic congestive heart 
failure and about fivefold in the presence of the nephrotic syndrome. Uy, was 
increased to an even greater extent by these diseases and was influenced by the 
progress of the process. When the diseases were aggravated and fluid of edema 
was accumulating, the influence of dilution modified the C1. 

The importance of these observations and the relative general significance 
of By, Cy, and Uy, periods in the biologie application of radioelements, par- 
ticularly radiosodium, have been discussed. 
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THEORETIC CONSIDERATIONS OF BIOLOGIC DECAY RATES OF 
ISOTOPES 


GrorGE E. Burcu, M.D., Sam A. THreEroot, M.D., AND 
JAMES A. CronvicH, M.S.* 
New OrR.EANS, La. 


HE rate with which isotopes are eliminated from an organism is of impor- 

tance physiologically, in safety considerations, in calculation of dosages, and 
for many other reasons. In previous studiest concerned with biologie decay 
periods for the radioactive isotope of sodium (Na?*), it became necessary to 
enter into theoretic considerations of rates of change in concentration of the 
isotope in the body fluids and in other compartments as well as rates of elimina- 
tion. These considerations hold for any tracer and for the entire organism or 
any compartment within it, regardless of size or location. Results obtained and 
concepts developed are worthy of report because of their general application to 
biologie and other tracer experiments. 

After a single administration of an isotope and establishment of homeostasis, 
elimination and change in concentration of the isotope in the compartments of 
the body are dependent upon many related factors. Only a few of the factors 
are relatively fixed, and variations in them may increase with abnormal states. 
The patterns of elimination and variations in concentration are complex. For 
example, the excretion of an isotope is related to such phenomena as the follow- 


ing: 


1. There is daily lowering in concentration and/or total amount of the 
isotope within the body because of continuous excretion. From experimental 
work done to date, it appears that excretion occurs exponentially. 

2. Change in concentration of the tracer material results whenever the 
volume of the isotopic compartment varies. 

3. The daily intake of the nontracer form of the element usually affects the 
behavior of the tracer form. 


& 
It is impossible to consider all the factors associated with elimination of an 
isotope or variations in concentrations within its compartments in the body; 
among those herein considered are: 


1. Variations in intake of the nontracer form of the substanee. 
2. Variations in rates of elimination of the nontraecer substanee from the 
organism. 


» 


3. Variations in volume of the compartments of the substance. 
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These factors deserve attention in biologie work concerned with tracer 
studies, since any one of them ean produce a considerable change in concentra- 
tion or elimination of the tracer element. For this reason such phenomena, 
which are independent of the physiologic processes being observed, must be 
evaluated adequately or controlled. 

It is well to define certain terms employed in this discussion. 

Elimination denotes any movement of the substance being studied from the 
compartment under observation. For example, if the sodium in the extra- 
cellular fluids passes into cells or into the urine, it is considered to have been 
eliminated from the compartment of extracellular fluid, regardless of the mech- 
anism by which this transfer occurs. 


Intake refers to any addition of the substance to the compartment under 
study. Thus, sodium added to the extracellular fluid compartment from the diet 
or from mobilization of sodium from bones or cells is considered intake. 


Volume of the compartment indicates the volume of that portion of the 
organism which is under study with the tracer. It is much safer to include in 
any compartment that portion of the organism which is physiologically (inelud- 
ing physical and chemical behavior) homogeneous. For example, it would be 
less satisfactory to group all portions of the body in which sodium is found as 
the sodium compartment than it would be to consider separately the sodium 
compartment of extracellular fluid, of bone, of cerebrospinal fluid, and so forth. 
This is particularly true when rapid or sudden changes are occurring in the 
element being traced. 

From the three terms just defined it becomes obvious that it is possible to 
consider the whole organism as one compartment or any portion of it as a com- 
partment, for example, the extracellular fluid space, pleural cavity, individual 
cell, or nucleus of a eell. 


THE PROBLEM 


It is advisable at this moment to present briefly the problem to be con- 
sidered in these discussions. This can be done satisfactorily through the 
medium of Fig. 1, which illustrates a tank. At time t this tank contains a 
compartment with a volume, V;, into which is dispersed a substance, Mj, in 
solution or other state, to be observed. To the tank there is being added con- 
tinuously more of the material which constitutes the dispersing compartment 
or medium, V;, as well as more of the substance to be observed, I. Simul- 
taneously, a certain amount of the dispersing medium, Vx, and a certain 
amount of the substance under observation, K, are being removed continuously 
from the tank through a stopeock. If it is desired to trace this substance 
within the tank, then at a time t = 0 the known quantity of a tracer form, N, 
should be added to the tank. If it is added at a given moment, it soon attains 
equilibrium of distribution with the nontracer form, the substance to be 
observed. Moreover, it is important to remember that since the tracer form 
is not added continuously, this form N is being removed gradually from the 
tank by way of the stopcock. 
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Fig. 1.—Diagram of a “tank” or compartment containing Na” in water in which the 
concentration of Na** remains constant. Na??? as a tracer substance is added at an instant to 
“label” the Na*, The Na* and Na*® are always thoroughly mixed. To this tank more Na” 
and water are being added while Na”, Na, and water are constantly being removed. The 
problem is to determine the change in total quantity and concentration of the Na™ (the tracer 
substance) within the tank for various rates of intake and output of Na (the nontracer 
substance). Man, or any organism or portion of an organism, may be compared to the tank. 
See text for details. 


CONSIDERATIONS 

1. If CN, concentration of the tracer element, is being observed in order 
to gain qualitative and quantitative information concerning the tracer sub- 
stance, N, and the nontracer substance, M, then it is necessary to realize that: 

(a) CN is being affected by the escape of N from the tank if V, the 
volume of the compartment, does not change proportionately. 

(b) CN changes if Nx (the excretion of N) is zero, but V changes. 

(c) CN is dependent upon the relative variations in Nx and V. V, of 
course, depends upon the relative variation in Vj and Vx. 

2. The total quantity of N, independent of concentration within the tank 
at any given time, varies with the rate of discharge of N from the tank. 

3. The tank may be considered to be any living organism, such as man, 
in which a substance is being studied by the tracer technique. Under biologie 
conditions certain further restrictions would have to be imposed upon the 
‘“‘tank.’’ For example, if an electrolyte, whose role in the problem of isotonicity 
is important, is being traced, a proportionate increase in the volume of water 
will be necessary whenever the electrolyte accumulates within the tank. This 
is true to a minor degree when such substances as fat or glycogen are under 
observation. Therefore if V, the volume of the dispersing compartment, 
varies, then the concentration of N will vary accordingly. Furthermore, if a 
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restriction is applied to the tank so that the osmotic force of M within V is 
constant, then the variations in concentration of N and M and in the quantity 
of N, M, and V will be determined by the relative intake and elimination of 
M and V. Changes in the concentration and total quantity of N within the 
tank will be determined by the relative intake and output of M and V. 

Analogy Between the Tank and Man.—Any living organism as a whole or 
any part of the organism, regardless of size, may be compared to the tank. With 
such analogies, however, certain factors must be taken into account, for example, 
state of equilibrium, homogeneity of the compartment and substances under 
study, disturbances in functions concerned with the problem, as well as 
physiologic, physical, and chemical peculiarities inherent in the substance being 
traced and in the compartment in which it resides. These and other matters 
will reveal themselves as the discussions progress. 

In order to simplify the considerations, suppose that man is the tank and 
sodium is the substance, M, under study. Then the sodium compartment, V, 
will consist of all portions of the body throughout which sodium is: dis- 
tributed. The principal sites are extracellular fluids and bone and, to a lesser 
extent, cells and proteins. Since the greatest portion of the sodium, M, is 
found within the extracellular fluids of the body and since the extracellular 
fluids must remain isotonic to be compatible with life, then in man the 
quantitative relationship of M and V is so restricted that accumulation of one 
within the body is necessarily accompanied by a proportionate accumulation 
of the other. If a tracer form of sodium, N (Na?*), is suddenly added to the 
body of man to trace the ordinary sodium, M, then, as in the tank, absolute 
and relative variations in I, the intake of nontracer sodium (Na**), in Vj, the 
intake of water, in K, the output of nontracer sodium (Na**), and in Vx, the 
output of water, will influence CN and the total quantity of N within the 
body at any time, as well as Nx. If such factors as the rate of intake alone of 
ordinary sodium (Na**) will influence the rate of change in concentration or 
total amount of the tracer sodium (Na?*), then such factors must be evaluated 
when a substance within the body is being traced, since it is necessary to distin- 
guish these influences from those related to metabolic phenomena associated with 
enzymatic and other similar reactions. For example, a decrease in the Na” 
count in the blood serum may be due to an increase in volume of body water 
and not to an increased rate of renal excretion of the isotope, or an increased 
rate of excretion of Na”? may be due not to a change in sodium metabolic 
phenomena within the body but to an. increased intake in regular sodium 
within the diet. . 

For a more thorough understanding of the quantitative and qualitative 
nature of some important factors, independent of purely metabolic processes, 
which influence concentration and total quantity of the tracer substance, cer- 
tain interesting and essential. theorems were devised. 


MATHEMATICAL CONSIDERATIONS 
If we consider the organism as a tank, the mathematical theories outlined 
below will hold, regardless of the complex metabolic processes (physical and 
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chemical) within the organism. The equations are general and apply to any 
type of tracer studies within the limitations of the assumptions. 


Symbols.— 
t — time. 
M; = quantity of nontracer substance in organism at time t. 
o = quantity of nontracer substance in organism initially. 
I — quantity of nontracer substance taken into organism per unit time. 
G = net quantity of nontracer substance gained by organism per unit 
time (negative G, loss). 
K quantity of nontracer substance eliminated from organism per unit 
time. 
total amount of nontracer substance obtained under the condition 
of accumulation. 
fraction of nontracer substance in organism eliminated from organ- 
ism at any time t, an expression of the rate of elimination. 
fraction of difference between maximum of the nontracer substance 
to be reached and amount present at time t, an expression of the 
rate of accumulation. 
quantity of tracer substance in organism at time t. 
quantity of tracer substance in organism initially. 
volume of compartment under study at time t. 
» = initial velume of compartment under study. 
CM — concentration of nontracer substance in organism (constant). 
CN, — concentration of tracer substance in organism at time t. 
CN, = concentration of tracer substance in organism initially. 


Assumptions: 
1. Tracer and nontracer substances are uniformly mixed in the organism 
and are affected similarly by chemical and physical processes in the organism. 
2. All the tracer substance is added at time t = 0 (initially) and is rapidly 
mixed completely with the nontracer substance. 
3. Intake and discharge are continuous processes. 
a. If the quantity of nontracer substance in the organism decreases, the 
change is expressed by 
M, iow (1) 
b. If the quantity of nontracer substance in the organism inereases, the 
change is expressed by 
Mi BE + Dit-o™) . (2) 
4. The change of the quantity of the nontracer substance and of the volume 
of its compartment is assumed to vary exponentially, since this is a physiologic 
variation which has been observed in our studies. 


5. The solution of nontracer substance is always isotonic; therefore, in 3a, 


Vv; = V.e™ 


» 


and in 3b, 
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Three conditions were analyzed. 

First, what are the variations with time in the concentration and total 
quantity of the tracer substance when the nontracer substance is in a negative 
balance, that is, when the rate of output exceeds the rate of intake? 


Since the nontracer substance decreases, Mt — M.e™'. In this ease 
G= = = -aM,e-*'t (3) 
and 
I—=K+G—=K-aM,e"t (4) 
or 
K—I+aM,e" . (5) 


The discharge of the tracer substance from the organism per unit time is 
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where A is the integration constant. 
Since Ny = N, when t = 0, 
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-Second, what are the variations with time in the concentration and in total 
quantity of the tracer substance when the nontracer substance is in a positive 
balance, that is, when the rate of intake of the substance exceeds the rate of 
output? 


Since nontracer substance increases, M, = M, + D(1 - e*). In this case 


Me — ade (12) 


c= 
dt 


=—K+G=K+aDe™ (13) 


K—=I-aDe™ . (14) 
The discharge of the tracer substance from the organism per unit of time is 


os we. = -(I-aDe™ ) Ne 


(15) 
dt M, M, +D (1 _ oo) 





I-aDe™ N,—0. 
M,+D (1-e*') 


pees i. 





The solution of this first order linear differential equation is 





,-at 
al I - aDe at - 
N, — Ae M,+D(1-e™) 


where A is the integration constant. The integral may be separated into two 
parts which are standard forms available in integral tables to give 


= _i t- [~ a _ 1] log. |M,+D (1-e*')| 
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Consequently 
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Third, what are the variations with time in the concentration and total 
quantity of the tracer substance when the nontracer substance is not changing 
in amount within the organism, that is, when intake and output are equal? 
Since the nontracer substance does not change, Mt = M,. In this case 
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I—K+G—K. (24) 


The discharge of the tracer substance from the organism per unit of time is 
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The solution of this linear differential equation with the condition Ny = N, 
when t = 0 is 


Therefore 
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DISCUSSION OF EQUATIONS 


So that the significance of the equations may be appreciated, certain theo- 
retic considerations are presented. Because the present studies are concerned 
with tracing sodium following a single injection of radiosodium (Na”*) in 
normal man and in man with generalized edema due to congestive heart 


INFLUENCE OF Na23 LOSS ON Na22 
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Fig. 2.—Semilogarithmic graph showing the influence of the net loss of Na® on the Na” 
content of the “body” after administration of a single dose of the tracer. The influence of the 
rate of Na*® intake upon the Na” is indicated. T denotes the time in days required for an 
edematous individual with a total of 121.4 grams of Na*® in the body to become edema-free 
and for the Na* content to be reduced to 50 grams. The upper group of curves shows the 
time variations in the percentage of the initial Na?? remaining in the body, and the lower 
group of curves indicates the time variations in concentration of the Na”. The T values follow 
the same order for the lower group of curves as indicated for the upper ones. For the curve 
showing rapid rate of Na™ loss or rapid rate of elimination of edema (T=10 days), the 
patient reached the edema-free state in ten days and the curve therefore does not extend as 
far on the abscissa as do those curves for the other rates. It is interesting to note that the 
curves are not straight lines. For convenience the other curves were not continued beyond 
twenty days; if they were extended until the subject became edema-free, the amount of Na”* 
remaining in the body would be progressively less as the value of T increased. 


failure, it would be interesting and enlightening to apply the equations form- 
ulated to certain theoretic situations, sich as man with generalized edema who 
is losing it rapidly, normal man developing edema, and man whose state of 
electrolyte and water balance is stationary, and to determine the time variations 
in Na®* in the body in these three conditions. 


Application 1—Man with generalized edema such that his total Na** mass 
is 121.4 grams (his total extracellular fluid mass 34,000 grams), his edema is 
progressively decreasing, and the sodium (Na**) and extracellular fluid masses 
for a man weighing 70 kilograms (50 and 14,000 Gm. respectively) are finally 
reached. 

For better comprehension of the influence of the rate of elimination or dis- 
charge of Na®* upon the concentration and total amount of Na*? present within 
the body, the rate with which the subject theoretically became free from edema 
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was varied for different rates of sodium intake. The output of water was as- 
sumed to vary during the defined circumstances to maintain isotonicity. 

Figs. 2 and 3 show the theoretic progressive change in the total amount and 
in the concentration of Na*? in the extracellular fluid for rates of excretion which 
would make the subject free of edema in ten, twenty, thirty, and sixty days 
when the daily intake of sodium (Na?*) was 1, 3, or 5 grams. 
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Fig. 3.—The individual curves shown in Fig. 2, grouped to show better the relationship of 
the time variations of concentration of Na” to the time course of the percentage of an initial 
single quantity of administered Na** not eliminated. 


These two figures reveal several things: 


(a) When the intake of Na?* remains constant, its rate of elimination so 
influences the Na®? in the extracellular fluid that measurements solely of the 
concentration of Na? in the blood serum cannot serve as an index of the amount 
of Na”? still remaining in the body ; a small decrease in the concentration of Na” 
is associated with a relatively large total elimination of Na*®. This is to be ex- 
pected, since water is being lost simultaneously at a rate which maintains iso- 
tonicity of the Na*. 

(b) Differences in the rate with which Na** is eliminated from the subject 
are accompanied by less change in the concentration of the Na? in the extracel- 
lular fluid than in total quantity of Na*? present within those fluids. This is 
reasonable, sinee water is being eliminated with the Na** to maintain isotonicity. 
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(c) The rate of Na** intake has a greater influence upon the change in con- 
centration of Na”? in the extracellular fluids than does the rate of elimination of 
the edema. This is well illustrated by Fig. 3 for the daily intake of 1 and 5 
grams. A greater intake of Na®* results in a more rapid rate of elimination of 
Na”? as well as in a sharper rate of decline in concentration of Na”? in the 
extracellular fluids. This effect of Na®* intake upon Na?? must exist, because the 
rate of elimination of the former must increase in order to produce the edema- 
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Fig. 4.—Semilogarithmic graph showing the influence of the net gain of Na®> on the Na” 
content of the “body’”’ after the administration of a single dose of the tracer. The influence of 
the rate of Na*3 intake upon the Na” is indicated. T’ denotes the time in days required for the 
total sodium of a nonedematous individual to increase from 50 grams to 121.4 grams, when 
an arbitrary maximum of edema is reached. The labeling scheme is the same as used in 
Fig. 2. Each curve is not a straight line for obvious reasons. Values of T’ smaller than those 
shown could not be analyzed under the conditions of the calculations (see text). Note the 
inverse relationship in the order on the ordinate positions of the curves for the respective T 
and T’ values of this figure and that of Fig. 2 








free state at the given time. Since the movement of the Na?? is determined by the 
movement of the Na?°, then a greater intake of Na**, with a resulting increased 
elimination of Na?*, must produce an increase in the rate of elimination of Na’. 

(d) The elimination of Na®? under the cireumstanees deseribed is not a 
simple exponential phenomenon. 

(e) It is evident from the equations and from Figs. 2 and 3 that when the 
subject is losing edema, the rate of excretion of Na** is of paramount importance in 
influencing the Na** content of the body, since the volume of the extracellular 
fluid decreases at a rate which insures isotonicity. The rate of Na®* intake is 
influential because of its effect upon its own rate of elimination. 

(f) When a subject is progressively excreting the nontracer substance un- 
der the conditions defined, the rate of change in the total amount of the tracer sub- 
stance retained is greater than the rate of change in concentration of the tracer. 
This is to be expected from equations (10) and (11). It must be remembered 
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that the volume of the compartment of the tracer and nontracer substances is 
diminishing progressively as the Na”? is being eliminated. 

(g) The Na** concentration in the extracellular fluids is constant, a neces- 
sary condition since isotonicity is essential for life. Na?* concentration, however, is 
not constant, because Na”? is gradually being eliminated from the body with- 
out any associated continuous addition. 
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Fig. 5.—The individual curves shown in Fig. 4, grouped to show better the relationship of 
the time variations of concentration of Na” to the time course of the percentage of an initial 
single quantity of administered Na”? not eliminated. 





Application 2.—An edema-free man weighing 70 kilograms whose total Na2* 
mass is 50 grams (his total extracellular fluid mass is 14,000 grams), and in whom 
edema is progressively developing until a sodium (Na?*) and extracellular fluid 
masses of 121.4 grams and 34,000 grams respectively are finally reached. Iso- 
tonicity is assumed to be maintained. 

The intakes of Na** and water in this man were observed from a theoretic 
point of view to learn their effects upon the Na®? concentration in the extra- 
cellular fluids and upon the rate of elimination of Na?*. The influences of the 
rate of excretion of Na®* upon the time variations in concentrations of the Na”? 
and upon the rate of elimination of Na’? in a subject in whom edema is pro- 
gressively increasing are summarized in Figs. 4 and 5. These calculations yield 
the following information. 

(a) A subject cannot acquire edema and accumulate sodium at a rate 
faster than the intake, except where special consideration must be given to 
storage depots and local shifts. For this reason daily intake of 1 gram of Na?* 
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could not be studied for the rates of formation of edema considered to exist in 
these calculations. It was also impossible to study the condition when maximum 
edema was realized in ten days, as such a limit could not have been reached in 
this time even when the daily intake of Na®* was 5 grams. Therefore, the rate 
with which it is possible for edema to develop is dependent on the rate of intake 
of sodium. 
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Fig. 6.—Semilogarithmic graph showing the influence of no change im the total Na* upon 
the Na content of the “body” after administration of a single dose of the tracer. Although the 
total amount of Na does not change, Na® is being .taken into the body and also _ being 
eliminated at rates of 1, 3, and 
reasons, 


5 grams daily. These curves are all straight lines, for obvious 


(b) When Na®* is being accumulated during progressive formation of 
edema, the rate of decrease in concentration of the Na?’ exeeeds the rate of 
change in total content of the tracer within the body. This is to be expected, 
since the concentration of Na? is being reduced by two factors acting simul- 
taneously : 


(1) Accumulation of fluid of edema, which produces a dilution ef- 
fect on the Na”. 
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(2) Continuous elimination of Na’?. 
Reduction in the total content of Na?? within the body, on the other hand, results 
only from continuous elimination of Na?’. 
(ec) Intake of Na®* and its resulting output has-.a greater influence on 
the Na®? concentration and total content within the body than the rate of the 
development of the edema. 


Application 3.—Man whose ‘electrolyte and water balance are stationary. 

For the special situation in which there is no gain or loss of Na** in the 
hody and in which the extracellular fluid remains isotonic, the rate of elimination 
of Na** becomes all-important. The rate of intake is significant because of its 
direct influence upon excretion. When G is equal to zero, then intake and output 
must be equal. 

Results of these caleulations are shown in Fig. 6, which shows that: 


(a) The greater the elimination and, therefore, intake of Na**, the 
greater the elimination of Na**. This follows, because the movement of the non- 
tracer substance determines the movement of the tracer. 

(b) When G is equal to zero, the rates of intake and output have no 
greater influence on the change in concentration of the tracer, Na®’, than they 
have on the change in total quantity of the tracer. This is obvious from equa- 
tions (26) and (27). ; 

(ec) When G is equal to zero and the tracer substance is not fixed in any 
manner in the organism, the By, Cy,’ and Ey, (time required to eliminate 
one-half of the tracer) are equal. 

(d) When G is equal to zero, the decay curves for concentration and for 
total quantity of the tracer remaining in the organism are parallel and straight 
lines on semilogarithmic graph paper. These are simple exponential curves. 


FENERAL DISCUSSION 


‘rom the preceding discussions and calculations it is obvious that when a 
tracer is employed to study a substance in an organism, the rate of excretion of 
the nontracer substance will affect the concentration and quantity of the tracer 
substance. This is true regardless of changes in size of the nontracer compart- 
ment. Factors which influence the elimination of the nontracer must be properly 
controlled if other physiologic phenomena are to be accurately evaluated. 
Variations in size of the compartment for the nontracer substance must also 
be properly controlled and evaluated. 

The situations herein discussed were sharply defined and controlled in these 
ealeulations, but such is not possible in the average living organism. The intake 
of the nontracer substance is not uniform at all times; it usually oceurs three 
or four times a day at an irregular rate. Therefore, its rate of elimination is 
not constant from hour to hour and from day to day. With disease, this irregu- 
larity may be even more pronounced. For example, Fig. 7 illustrates the rela- 
tionship of changes in Na** to Na** in a man whose sodium is being studied with 
Na”? as a tracer. During the first ten days he is free from edema and his intake 
and output of Na** and water are equal. During the next thirty days he retains 
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Na?* and water, and edema progressively develops; during the following ten 
days, as his intake and output of Na®® and water again become equal, his 
edematous state remains stationary ; during the ensuing thirty days his output 
of Na?* and water exceed the intake, so that the edema progressively diminishes ; 
and finally he again has an equal intake and output of Na** and water while in 
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stationary edematous level for ten days, gradually becomes edema-free in thirty days, and 
remains so for ten more days. Consult the text for details. 





the state free of edema. Curves showing simultaneous variations in concentra- 
tion and quantity of Na? and of Na?* content within the body are shown. Ir- 
regularities in rates of change are attributable to combinations of the three 
situations previously calculated. Since it is theoretically possible for the time 
intervals shown on the abscissa to vary from minutes to months, then it is 
obvious that biologie studies often constitute averages and not detailed absolute 
values. The conditions are seen to be even more complex when it is realized that 
all of these and other factors may be acting and varying simultaneously. These 
data demonstrate the advisability of meticulously controlled biologie experiments. 

Complexity of the biologic conditions of experimentation is further evi- 
denced by the fact that absolute equilibrium is relatively rare, if ever present. 
Furthermore, the compartments of the substance under study are not uniform in 
size, behavior, or constitution; they actually constitute many different compart- 
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ments within a large one. The behavior of many of the substances traced is 
under the influence of complex metabolic processes, such as enzymatic reactions, 
further emphasizing the need for great caution in biologic experimentation and 
in interpretation of data. 
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Fig. 8.—Comparison of the theoretic curves of the concentration of Na* and total 
content of Na” in the body of a normal man with data obtained experimentally in two 
normal subjects. The nonurinary Na” is that not excreted in the urine and is represented as 
percentage of the total Na” injected intravenously into the subject at a single dose. For the 
theoretic curve it represents the percentage of the total Na” which is not excreted and remains 
within the body. Values for intake of Na* selected for the theoretic curves were those which 
approximated the dietary intake in the subjects studied. The theoretic and experimental 
curves agree remarkably well. Discrepancies between the nonurinary Na*® curves are due to 
failure to collect all excretion from the subjects studied experimentally. The experiments 
were designed for urinary collections alone. 


It is well to emphasize that it is easier to trace elements than complex sub- 
stances or formed tissue structures, such as cells which enter into metabolic 
processes and turnover phenomena independent of the element traced. For 
example, an amino acid tagged with an isotope in which the isotope is followed 
may lead to difficulties because the isotopic form can be removed from the 
amino acid molecule and therefore no longer tag the amino acid. The same 
holds true for cells, as, for example, tracing erythrocytes by means of P*?, Fe®®, 
or N°. The last of these is the best, since it will remain in the erythrocytes 
until they disintegrate, whereas the first is least serviceable, since it diffuses out 
so readily with or without associated metabolic processes. 

Obviously, the data herein presented are only theoretic, indicating the 
behavior of the tracer substance under the conditions described, and should be 
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compared with actual biologic experiments only with extreme caution. Neverthe- 
less, it is possible to note a similarity in the curves of the calculations of the 
theoretic status and those observed with Na? in normal subjects and in subjects 
with congestive heart failure (Fig. 8). That changes in concentration of Na? 
varied with intake of Na** and progress of the edema is evident. Unfortunately, 
the excretion of Na** was measured only in the urine and the total Na?* output 
was not determined. Such experiments should be conducted. 

In the caleulations of N; the entire loss of Na** from an organism was ac- 
counted for; therefore, when N;, for Na”? is equal to one-half of N,, then t is 
the overall or absolute By, for the organism. Close inspection of the graphs of 
the N; values reveals variations in the time course of N; and therefore By, 
varies from moment to moment within limiting conditions of the calculations. 
On the other hand the Uy, values obtained by experimentation cannot be 
employed as direct values of By,, because the Ux, values are based only upon 
urinary excretion of Na??. 


SUMMARY 


Equations have been derived which make it possible to predict the influence 
of variations of intake and output of a nontracer substance and of the size of 
its compartment upon the concentration within the organism and elimination 
from the organism of a tracer substance administered in a single dose. These 
theoretic considerations demonstrate the extreme importance of controlling and 
properly evaluating factors which affect the rate of elimination and the size 
of the compartment of the nontracer substance. The need and reasons for 
exercising every caution in interpretation of data concerned with measuring 
variations in concentration and total content of the tracer substance are em- 
phasized. 

Although the discussion is chiefly concerned with problems for sodium 
tracer studies, these theoretic considerations apply to any type of tracer experi- 
ments, regardless of size or location of the compartment and regardless of 
whether the tracer is stable or radioactive. It is hoped that the mathematical 
considerations will be of value to others engaged in biologie and nonbiologic 
tracer research. 








THE NATURE OF THE ALTERED RENAL FUNCTION 
IN LOWER NEPHRON NEPHROSIS 


DANIEL MARSHALL, M.D., AND WILLIAM S. HorrMan, M.D., PH.D. 
CuicaGco, ILL. 










OWER nephron nephrosis is a term proposed by Lucké! to describe a syndrome 

of oliguria with progressive renal insufficiency following a shock-like state 
produced by a variety of acute insults to the body, and in many eases associated 
with the deposition in the renal tubules of various derivatives of hemoglobin and 
myoglobin. Pathologically, the principal renal lesion is degeneration and 
necrosis of the epithelium of the ascending loops of Henle and the distal con- 
voluted tubules. We have recently developed a regimen for the management of 
such patients with lower nephron nephrosis by means of which we were able to 
keep five out of six patients alive until the kidneys recovered spontaneously and 
reversed the retention of exeretory products. Four patients recovered com- 
pletely; the fifth still has a residual renal lesion; and the sixth died in uremia 
with heart failure five days after diuresis had set in. The management and the 
clinical course as well as the detailed serum and urinary chemical findings in 
these six cases are described elsewhere.” 

In three of the surviving patients, kidney function was studied during the 
diuretic and recovery periods by means of the specific renal function tests de- 
scribed by Homer Smith and colleagues.* Included were serial determinations 
of the clearances of mannitol, p-aminohippurate, creatinine, and urea, and of the 
tubular excretory mass, all performed essentially by the technique described by 
Goldring and Chasis,‘ except that mannitol was analyzed by the method of 
Coreoran and Page.’ The data from these tests obtained during the period of 
progressive recovery, in addition to the information obtained regarding urinary 
nitrogen excretion, can in a way be extrapolated back to the period of oliguria 
and thus provide some insight into the pathologie physiology of the disease. 

























RESULTS 





The essential clinical features of the six cases are summarized in Table I. 
It will be seen that the oliguria persisted from five to thirteen days. In the 
adults it was recognized that once 500 ¢.c. of urine were excreted daily, the 
output thereafter rose rapidly to high levels. The onset of diuresis was accord- 
ingly dated from the day 500 ¢.c. were first excreted. 

Figs. 1, 2, and 3 show the relationship between urinary excretion of water 
and exeretory nitrogen and the serum levels of nonprotein nitrogen in Cases 
3, 4, and 5. The tendency for the serum nonprotein nitrogen to level off in 
spite of the continued intake of protein was either a manifestation of the 
dilution of retention products produced by the increase in extracellular fluid 
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volume, reflected by gross edema, which was deliberately fostered, or of a 
diminution in cellular breakdown as the bodily nutrition was improved under 
the management. It can be seen that the initial days of diuresis were associated 
with the excretion of relatively small quantities of nitrogen, the concentration 
ratio of urinary to serum nonprotein nitrogen tending to remain as low as 
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Fig. 1.—Urinary output of water and nitrogen in Case 3 in relation to serum nonprotein nitro- 
gen concentration and to the ratio of urinary to serum nonprotein nitrogen concentration. 


during the oliguria period. For this reason, the peak level of serum nonprotein 
nitrogen was usually not reached until diuresis was well under way. It was 
only as the diuresis continued to improve (with daily excretions reaching a 
value of 9,900 ¢.c. in Case 5) that the concentration ratio increased. The ex- 
eretion of nitrogen soon became great enough to produce a rapid fall in the 
serum nonprotein nitrogen concentration. , 

Table II shows the absolute values for the various renal functions in Cases 
3, 4, and 5. Values for glomerular filtration and effective renal plasma flow 
were very low at the time of the first test in spite of the fact that these tests were 
performed when the patients already had improved considerably. Selkurt® has 
demonstrated experimentally that during hemorrhagie sheck direct measure- 
ments of renal plasma flow give values appreciably higher than those obtained 
by the determination of p-aminohippurate clearance. This evidence suggested 
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that values for mannitol and p-aminohippurate clearances were not true 
measures of the rates of glomerular filtration and renal plasma flow respec- 
tively in kidneys as severely damaged as those of our patients. Certain aspects 
of our data amply confirmed this suspicion. For example, Table II shows that 
the filtration fraction, as measured by the ratio of the mannitol to the p-amino- 
hippurate clearance, was in Case 3 greater than 1 instead of the normal 0.20. 
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Fig. 2.—Urinary output of water and nitrogen in Case 4 in relation to serum nonprotein nitrogen 
concentration and to the ratio of urinary to serum nonprotein nitrogen concentration. 





Such a finding is, of course, an absurdity. In Case 4, the first filtration fraction 
was 0.64, a value impossibly high. In Case 5, the first filtration fraction was 
the normal 0.20, which we believe was due to the fact that the function tests 
were performed relatively late in a subject who was very rapidly improving. 

A further indication of lack of absolute significance of the values in these 
first tests is the first determination of tubular excretory mass (Tm). In Cases 3 
and 4 the values were less than zero, which meant that the p-aminohippurate 
excreted by the glomeruli alone—as measured from the mannitol clearance—was 
greater than the sum of glomerular and tubular excretion as ecaleulated from the 
total p-aminohippurate exereted. When this unusual finding was obtained in 
the first subject it was thought to be due to a technical error. But a second 
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such result in Case 4 made that explanation unlikely. It was at this time that the 
paper by Redish and colleagues’ appeared in which a negative Tm was also 
reported in their single case. The validity of these analyses was thus further 
confirmed. 
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Fig. 3.—Urinary output of water and nitrogen in Case 5 in relation to serum nonprotein nitrogen 
concentration and to the ratio of urinary to serum nonprotein nitrogen concentration. 


Table II also demonstrates still another absurd relationship arising out of 
the distorted clearance and excretion values during the early stages of recovery. 
The ratio of the p-aminohippurate clearance to the tubular excretory mass, which 
normally lies between 7 and 9 and which is a measure of the relative blood 
supply to the functioning renal tissue, was, in Cases 3 and 4, infinitely high 
because the tubular excretory mass was zero or less than zero. On the other hand, 
in Case 5 the initial value was only slightly higher than normal. 

Fig. 4 shows in graphic form the relative rates of restitution of the clearance 
and tubular mass values toward normal. The distorted relationships found in 
the first tests disappeared in the subsequent determinations, A week after the 
first test, the tubular mass was no longer negative, and the filtration fraction and 
ratio of p-aminohippurate to Tm had returned to nearly normal values in Cases 
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Fig. 4.—Relative rates of restitution’ to oe P aa specific renal functions tests in Cases 
, and 5. 

4 and 5 and were improving rapidly in Case 3. By the next week, the distortion 
disappeared even in Case 3. On the other hand, complete functional restitu- 
tion to normal occurred more slowly than would be expected from the rapidity 
of clinical recovery. It required three months in Case 5 and nearly seven 
months in Cases 3 and 4. In the child of 2 years (Case 6), a residual renal 
insufficiency was still manifest at four months, the nature of which has not been 
ascertained. In the patient of Redish mentioned previously, complete return 
to normal function was not seen before two years. 

Urea clearance values returned to normal at essentially the same rates as 
did mannitol and p-aminohippurate clearances. This finding is of practical 
importance for it signifies that the more readily determined urea clearances 
ean be just as satisfactorily utilized as a clinical guide to the rate of recovery 
in this disease as the more elaborate renal function tests. Creatinine clearances 
improved more rapidly than any other clearance. The reason for this is not 
clear. 

DISCUSSION 

These unusual results of the specific renal function tests in the early period 

of recovery can be explained by the loss of the specific function of the lower 
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nephron to resorb water or sodium and to produce ammonia, thereby forming 
a concentrated and acidified urine. Instead the tubular cells in this region are 
so badly damaged that they allow the nonspecific osmotic resorption of most of 
the modified glomerular filtrate that reaches them, thus leaving little or no fil- 
trate to be excreted as urine. What little urine is excreted during the oliguric 
phase has a specific gravity not much different from that of glomerular filtrate 
and is nearly neutral in reaction. The urine obtained during the first days of 
diuresis is only a larger quantity of the same type of fluid with little or no 
increase in concentration of the exeretory products. It thus appears that the 
beginning of diuresis is brought about by an increase in glomerular filtration 
(and effective renal blood flow) without any recovery as yet of specific function 
of the lower nephron. This increased flow may be brought about by subsidence 
of renal swelling, as suggested by Corcoran, Taylor, and Page,* or by disappear- 
ance of the shunt through nonfiltering glomeruli into the medulla.® 

The tubular defect is apparently associated with a gradient diffusion of the 
constituents of the glomerular filtrate. With a high concentration of p-amino- 
hippurate in the glomerular filtrate and a low concentration in the tubular blood 
supply (if the excretory function of the proximal convoluted tubules has not 
been impaired ), the p-aminohippurate is resorbed by the damaged lower nephron 
to a greater extent than mannitol, the concentration of which is nearly the same 
in the filtrate as in the tubular blood. As a consequence less p-aminohippurate 
may appear in the urine than mannitol in proportion to their respective blood 
levels. Thus the tubular mass value becomes negative, and the filtration fraction 
greater than 1. This gradient diffusion appears to be the first tubular defect 
to recover, as indicated by a return to nearly normal values for filtration fraction 
and for the ratio of p-aminohippurate to tubular mass long before the individual 
clearances have reached normal. It is reasonable to believe that the improve- 
ment in effective renal blood flow is itself responsible for the accelerated tubular 
repair. The complete recovery of normal renal function in four of our patients 
and in that of Redish indicates that the glomeruli were never completely 
blocked and that the tubules always had sufficient blood supply to prevent 
irreversible destructive changes. 


SUMMARY AND CONCLUSIONS 

Serial determinations of clearances of ‘mannitol, p-aminohippurate, urea, 
and creatinine and of tubular excretory mass were carried out in three subjects 
in the phase of diuresis and recovery from lower nephron nephrosis. 

In two subjects, the first test gave negative values for tubular excretory 
mass and impossibly high values for filtration fraction and ratio of p-amino- 
hippurate clearance to tubular excretory mass. In subsequent tests these distor- 
tions disappeared but complete restitution of renal function did not occur until 
three to seven months had elapsed. 

These data along with the findings on the rate of excretion of nitrogen and 
water during the oligurie and diuretie periods are consonant with the idea that 
the renal lesion in lower nephron nephrosis is a diminished renal blood flow in 
association with a loss of specifie function of the lower nephron. Consequently, 
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the limited amount of modified glomerular filtrate reaching the lower nephron 
is almost completely resorbed. A gradient diffusion through the damaged cells 
appears to be present which is responsible for the distorted renal clearance 
tests. Recovery seems to be produced first by an increase in effective renal blood 
flow followed later by repair of tubular function. The gradient diffusion is 
apparently the first tubular defect to disappear. The total recovery of normal 
tubular function is much slower. 


The authors acknowledge with thanks the assistance of Mrs. Catherine Nobe and Miss 
Lorraine Schmelzle with the chemical analyses. 
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HISTOPATHOLOGY OF THE LIVER IN HUMAN BRUCELLOSIS 


Westey W. Spink, M.D., Frepertck W. Horrsaver, M.D., 
Water W. WALKER, M.D., AND Ropert A. GREEN, M.D. 
MINNEAPOLIS, MINN. 


HE histopathology of brucellosis has been defined for the most part on the 

basis of studies of the tissues in experimentally infected animals, and the tis- 
sues of patients who, having had the disease, died from brucellosis or other 
eauses. Little information is available relative to the tissue reactions that occur 
in the ambulatory patient with acute or chronic brucellosis. This report repre- 
sents one aspect of a general study on the pathogenesis of human brucellosis 
being carried out in this clinic. In these investigations, the changes taking place 
in certain organs and tissues have been ascertained by obtaining specimens with 
biopsy techniques. Attention has been given particularly to those patients hav- 
ing bacteriologically proved brucellosis. Sundberg and Spink! already have 
described in detail the histopathology of the sternal bone marrow in human 
brucellosis. The purpose of this paper is to present the findings in the liver of 
eleven patients with proved brucellosis. While hepatic lesions have been de- 
scribed previously, there is a lack of knowledge of the changes that occur ia 
living subjects who eventually recover from the disease. 

Fabyan,? and later Jaffe, emphasized the characteristic granulomatous 
lesion of brucellosis in experimentally infected guinea pigs. Some years later 
Léffler and von Albertini‘ described these granulomas in human material. Their 
initial observatiors were limited to a single case in which splenectomy and a 
liver biopsy were carried out. Subsequently, von Albertini and Lieberherr,® in 
one of the best discussions of the pathology of human brucellosis, detailed the 
findings in the liver and spleen. They observed granulomatous hepatic lesions 
with and without extensive necrosis. It is quite apparent from studying their 
paper that brucellosis cannot be distinguished from tuberculosis on the basis of 
the hepatic changes. The only illustration of a hepatic granulomatous lesion 
due to brucellosis that we have observed in the English or North American 
literature is in the paper by Mettier and Kerr.® A liver biopsy was secured 
from the left lobe of the liver at the time a cholecystectomy was performed. 
Microscopic examination revealed a bizarre, destructive, and inflammatory proc- 
ess in various stages. One large lesion with central necrosis was observed and 
adjacent to this there were numerous, discrete, tuberele-like foci which consisted 
of lymphocytes, epithelioid cells, and an oceasional giant cell. In another in- 
stance, Lowbeer’ reported a case of brucellosis in which cholecystectomy was 
carried out and a biopsy of the liver was made. Granulomas were found in the 
wall of the gall bladder and in the liver. 


From the Divisions of Internal Medicine and Pathology of the University of Minnesota 
Hospitals and Medical School. 
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HISTOPATHOLOGY OF LIVER IN HUMAN BRUCELLOSIS 


MEHODS OF STUDY 


Specimens of liver were obtained from eleven cases of human brucellosis. The diag- 
nosis of active disease was proved bacteriologically in eight of the eleven cases. In the 
remaining three patients the diagnosis was established on the basis of epidemiologic, clini- 
eal, and serologic evidence. Ten of the eleven patients recovered from the disease. One 
patient committed suicide and a complete post-mortem study was obtained. The duration 
of the disease in this group varied between three weeks and three years. Biopsies of 
hepatic tissue in the living subjects were obtained by one of the three following methods: 
peritoneoscopy, needle biopsy, or surgical excision. The needle biopsy method is now 
employed exclusively since it is simple and can be carried out at the bed side. In addition 
to fixing and staining the specimens of liver, portions of the biopsied material in four 
instances were cultured for Brucella. Special stains were also carried out for connective 
tissue, reticulum, glycogen, and bacteria. 

In an attempt to correlate the histologic changes in the liver with functional impair- 
ment of the organ, a series of liver function tests were performed in each case. A brief 
clinical history of each case is presented along with a description of the hepatic tissue. 
Pertinent clinical data, the liver function studies that revealed abnormal results and the 
cardinal histologic findings are summarized in Table T. 


RESULTS 


Case 1—F. H., a 28-year-old housekeeper, had been ill for four and one-half months. 
Weakness was the original complaint. Then ensued severe shaking chills, drenching sweats 
and fever. The source of her infection was the ingestion of raw milk obtained from a 
herd of cattle having Bang’s disease. On admission to the hospital the outstanding find- 
ings were an acutely ill and febrile patient with no demonstrable enlargement of the liver, 
hut a firm and nontender spleen was palpated at the left costal margin. Pertinent labora- 
tory data revealed a leucocyte count of 6,400 with a differential of 68 per cent poly- 
morphonuclear neutrophiles, 38 per cent lymphocytes, and 4 per cent monocytes. The 
erythrocyte sedimentation rate was 72 mm. in one hour (Westergren). Agglutinins for 
Brucella were present in the serum in a titer of 1 to 320 to 1 to 640. On four occasions 
Brucella abortus was isolated from cultures of blood. 

Penicillin was administered in large doses without benefit, but coincident with treat- 
ment with sulfadiazine, the patient improved. Subsequent blood cultures, however, showed 
the presence of Br. abortus. Because the patient was febrile and the splenic enlargement 
persisted, splenectomy was carried out, and a biopsy of the liver was made at the same time. 
The spleen weighed 217 grams. Multiple cultures of splenic tissue remained sterile, and 
microscopic studies showed numerous large granulomatous lesions. Subsequent hepatic func- 
tion studies showed normal values. Splenectomy did not appear to improve her condition, 
and improvement occurred gradually over a period of several months. 


Study of Liver Biopsy: The specimen was a triangular fragment from the 
liver edge measuring 9 by 4 by 2 millimeters. Microscopically, the architectural 
pattern appeared normal. A few of the portal spaces contained a mild infil- 
tration with small round cells. No excess of connective tissue could be demon- 
strated with the azocarmine stain. Seattered hepatic cells contained a small 
amount of finely divided golden brown pigment which did not stain for iron. 
A few degenerating cells were present, surrounded by polymorphonuclear leu- 
cocytes. Best’s carmine stain showed a normal complement of glycogen. Three 
small granulomas were present, two located within one portal space and a 
smaller one within another portal space. They were similar in appearance with 
a peripheral zone of small lymphocytes and a central colleétion of epithelioid 
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cells with pink cytoplasm and indented vesicular nuclei as seen in Fig. 1. There 
was one Langhans’ type of giant cell with peripherally situated nuclei. Necrosis 
was absent and reticulum fibers were demonstrated with Wilder’s silver stain 
both peripherally and centrally. No organisms could be demonstrated with 
Verhoeff’s carbolfuchsin and MacCallum’s modification of Goodpasture’s stain. 


Kig. 1.—Photomicrograph (X175); liver biopsy secured at time of splenectomy in Case 
1. The granulomatous lesion consists of a central collection of epithelioid cells and a periph- 
eral zone of small lymphocytes. 


Case 2.—L. N., a 29-year-old farmer, had been ill over a period of eleven months with 
weakness, chills, fever and nocturnal sweats. Six months after the onset, a blood culture 
showed the presence of Br. abortus, and a course of therapy with sulfadiazine resulted in 
only temporary improvement. Five months later Br. abortus was again recovered from a blood 
culture. Except for enlarged lymph nodes, there were no physical abnormalities. The liver 
and spleen were not enlarged. Laboratory studies showed a leucocyte count of 6,900 with 56 
per cent polymorphonuclear leucocytes, 33 per cent lymphocytes, 8 per cent monocytes, and 
3 per cent eosinophiles. The erythrocyte sedimentation rate was 28 mm. in one hour (Wester- 
gren). The agglutinin titer fer Brucella was 1 to 2,560. Liver function studies revealed an 
excretion of urobilinogen and .oproporphyrin in the urine just slightly above the normal 
range. 

Peritoneoscopy was performed, The surfaces of the liver appeared normal, and a biopsy 
of the liver was secured with the aid of a modified Silverman needle.8 


Study of Liver Biopsy: The biopsy specimens included a slender fragment 
measuring 10 by 11% millimeters. Microscopically there was a normal architee- 
tural pattern, Some of the portal spaces contained a few round cells, which 





HISTOPATHOLOGY OF LIVER IN HUMAN BRUCELLOSIS 45 


were also present in small numbers in the sinusoids and in focal collections 
among the hepatic cells. The azocarmine stain failed to demonstrate any appre- 
ciable increase in connective tissue. The liver cells contained a small amount of 
finely divided golden brown pigment, part of which stained for iron. In serial 
sections, granulomas with epithelioid cells were noted, the two smallest being 
in the central portion of a liver lobule and the three larger occupying portal 





Fig. 2.—Photomicrograph (X100). Needle biopsy of the liver from Case 2 secured at 
the time of peritoneoscopy. An ‘epithelioid cell granuloma containing Langhans’ type giant 
cells is present in a portal space. 


spaces. The smallest lesion consisted of about six epithelioid cells surrounded 
by approximately a dozen small lymphocytes. The largest occupied the better 
portion of a small portal space, and showed a peripheral zone of lymphocytes 
and central epithelioid cell zone as seen in Fig. 2. The cell outlines were in- 
distinct, the cytoplasm having fused, forming syncytial masses resembling Lang- 
hans’ type giant cells. The nuclei were vesicular, many being indented. Necro- 
sis was absent and reticulum fibers were demonstrated between the epithelioid 
cells. No organisms were found with acid-fast and Gram’s stains. 


Casg 3.—A. M. 8., a 47-year-old, white, male confectioner, became ill one month before 
entry with fever, drenching night sweats, migratory arthralgia, severe headaches, insomnia, 
and a marked tremor of his hands He was a moderately severe alcoholic. His acute illness 
was contracted through ingesting raw milk and cream obtained from a herd of cattle with 
Bang’s disease. The abnormal physical findings included a tender liver that was felt 4 em. 
below the right costal margin. Laboratory data revealed a leucocyte count of 4,100, and a 
differential count of 49 per cent polymorphonuclear neutrophiles, 39 per cent lymphocytes, 5 
per cent eosinophiles, 6 per cent monocytes, and 1 per cent basophiles. The erythrocyte sedi- 
mentation rate was 68 mm. in one hour (Westergren). Brucella agglutinins were present in 
the serum in a titer of 1 to 5,120, and Br. abortus was cultured from the blood. Liver fune- 
tion studies showed abnormal excretion of urinary pigments and 21 per cent retention of 
sulfabromthalein. (Table TI.) 
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The patient was treated with streptomycin in doses of 0.4 Gm, every three hours, but 
because of the appearance of purpura and an accentuation of the fever, therapy was discon- 
tinued. He then received sulfadiazine, and coincident with this improvement in his condition 
was noted. Although the patient felt better and returned to work, three months after leaving 
the hospital Br. abortus was recovered from his blood. After a lapse of another three months, 
cultures of blood remained sterile. 

During the patient’s initial stay in the hospital Dr. Richard Varco secured a biopsy 
under local anesthesia of the left lobe of the liver through a small midline abdominal incision. 
Gross inspection and palpation of the small area of the liver that presented itself in the inci- 
sion revealed no apparent abnormality. A portion of the biopsied specimen was cultured for 
Brucella; it proved to be sterile. 


Fig. 3.—Photomicrograph (X75) of liver biopsy from Case 3. A confluent granuloma is present 
as described in the text. In addition there is evidence of a patchy fatty metamorphosis. 


Study of Liver Biopsy: The specimen examined histologically was a frag- 
ment from the liver edge measuring 4 by 4 by 3 miilimeters. Microscopically, 
there was a patchy, fatty metamorphosis and a moderately severe, round cell 
infiltration in the portal spaces. <A large epithelioid cell granuloma was present, 
covering an area slightly greater than a high-power field. Its location with 
respect to the liver lobule was uncertain, but it did not appear to be within a 
portal space. It consisted of epithelioid cells, lymphocytes, and a few plasma 
cells arranged in smaller rounded groups suggesting that it was made up of 
several smaller confluent granulomas (Fig. 3). In step sections, on which bac- 
terial and other special stains were carried out, the granuloma disappeared and 
only two small lesions of a similar nature could be found. These consisted of 
a collection of four or five epithelioid cells surrounded by a dozen or more 
lymphocytes. No definite bacteria were demonstrated, and there did not appear 
to be an increase in connective tissue in the portal spaces. 
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Case 4.—E. 8., a 55-year-old housewife, had been ill for twenty-two months before she 
was first seen at the University Hospitals. She had experienced marked fatigue for one year 
before fever and arthralgia appeared. During the time that she was ill, a number of cows 
on her farm were found to have Bang’s disease. Physical examination revealed an individual 
who appeared chronically ill; she complained of severe headaches and painful joints. Pain 
over the lumbar area was aggravated by movement of the legs. The interphalangeal joints 
of both hands were enlarged, and motion was limited. The edge of the liver was just palpable 
at the costal margin. The leucocyte count was 7,500 with 61 per cent polymorphonuclear 


Fig. 4.—Photomicrograph (X325) of liver biopsy secured in Case 4. An epithelioid cell granu- 
loma containing a giant cell is shown. 


neutrophiles, 35 per cent lymphocytes, 3 per cent eosinophiles, and 1 per cent basophiles. The 
erythrocyte sedimentation rate was 30 mm, in one hour, Agglutinins for Brucella were present 
in a titer of 1 to 640. Repeated cultures of blood remained sterile. The only abnormal liver 
function was a slightly elevated serum bilirubin. She improved while in the hospital but since 
that time there has been no opportunity to follow her progress, 


A biopsy of the liver was obtained through a short midline abdominal incision by Dr. 
K. A. Merindino. The visible surface of the liver appeared normal, A portion of the biopsy 
cultured for Brucella remained sterile, : 

Study of Liver Biopsy: A specimen, measuring 1 by .5 by .5 em., from the 
liver edge was blocked and sectioned. Microscopically the general architecture 
was normal. Some of the portal spaces, particularly the smaller ones, contained 
a prominent lymphocyte and plasma cell infiltrate. No increase in fibrous tissue 
could be demonstrated. Occasional necrotic liver cells were present, surrounded 
by mononuclear leucocytes as well as a number of the so-called regenerative 
forms with large hyperchromatic nuclei. Many hepatic cells contained a small 
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amount of fine golden brown pigment, part of which stained for iron. Vacuo- 
lated cells in small numbers were present around some of the central veins. 
Approximately ten epithelioid cell granulomas were noted, chiefly within lobules, 
one being in a portal space. Fig. 4 is a photomicrograph of this biopsy. The 
largest of these granulomas occupied one half the area of a high-power field, 
the others being much smaller. They consisted of collections of epithelioid cells 
with vesicular, indented nuclei surrounded by small lymphocytes. Necrosis was 
absent and reticulum fibers were demonstrated within the lesions. No organisms 
were seen in preparations appropriately stained. 

Case 5.—M. M., a 66-year-old housewife, had pain in the left lower quadrant, in addi- 
tion to fatigability, night sweats, and weight less. Her illness had extended over a period of 
six months, Physical examination revealed a febrile patient having a palpable spleen but 
the liver was not palpable. The leucocyte count was 3,850 with 51 per cent polymorphonuclear 
neutrophiles, 48 per cent lymphocytes, and 1 per cent monocytes. The erythrocyte sedimen- 
tation rate was 30 mm. in one hour. The agglutinin titer in her blood for Brucella was 1 to 
640, and Br. abortus was obtained from a culture of blood. Liver function studies revealed 
an abnormal thymol turbidity test and the urinary coproporphyrin value was elevated. 

A peritoneoscopic examination was attempted. The surface of the liver appeared nor- 
mal, but a satisfactory biopsy was not obtained. Therefore, Dr, K, A. Merindino secured a 
biopsy through a midline abdominal incision under local anesthesia. Part of the specimen 
was cultured for Br. abortus without success. 


Study of Liver Biopsy: The biopsy specimen measured 8 by 4 by 3 mm. 
and was of normal appearance. Microscopically there was some distortion of 
the architecture with a suggestion of increased connective tissue and patchy 
areas of vacuolated liver cells. Many portal areas showed dense lymphocytic 
infiltration. Throughout there were scattered necrotic liver cells surrounded 
by mononuclear leucocytes. A few liver cells contained fine brown pigment 
which did not stain for iron. In step sections, approximately six epithelioid 
cell granulomas were present at each level. These were of small size, consisting 
of central collections of epithelioid cells varying from five to twenty in number 
surrounded by a zone of small lymphocytes and occasional plasma eells. A 
granuloma is shown in Fig. 5. Necrosis was absent and reticulum fibers were 
demonstrated between the epithelioid cells. No organisms were found in ap- 
propriately stained preparations. 

The patient returned to the hospital six months later with the same com- 
plaints, but she was not febrile. There was a definite brownish pigmentation 
of the skin which had increased in intensity since the previous admission. The 
liver was then palpable 4 em. below the costal margin, representing an apparent 
increase in the size of this organ. The enlarged spleen was again detected. 
Br. abortus was isolated from venous blood, aspirated sternal marrow, and from 
the cerebrospinal fluid on two occasions. The presence of Brucella in the cere-— 
brospinal fluid was most unexpected, and was verified in two separate labora- 
tories. Simultaneous studies of the fluid showed no increase in cells or protein. 
Liver function studies revealed more evidence of hepatie dysfunction than that 
obtained previously, as presented in Table I. 

The patient consented to another liver biopsy and Dr. Richard Vareo secured 
a specimen through a midline incision. The visible surface of the left lobe of 
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Fig. 5.—Photomicrograph (X3875). Case 5. One of several granulomas is shown. The sur- 
rounding liver cells contain fat vacuoles. 


Fig. 6.—Photomicrograph (X50). Case 5. The second biopsy was taken six months fol- 
lowing the first. Three small granulomas are shown in a single field. The peripheral lympho- 
cytic zone and central epithelioid cells are demonstrated. 
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liver appeared smooth. A piece of the tissue failed to yield Brucella after 
culturing for the organisms. 

The patient was subsequently discharged from the hospital. It was remark- 
able that the patient experienced so few symptoms in view of the positive 
bacteriologice studies. 

Study of Second Liver Biopsy: The biopsy specimen measured 10 by 8 by 
5 millimeters. Microscopically, the general liver architecture remained un- 
changed. There was some diminution in the amount of fat present but more 
necrotic liver cells could be found than in the previous biopsy. In some in- 
stances, two to six necrotic liver cells were noted surrounded by mononuclear 
leucocytes and an occasional polymorphonuclear leucocyte. A transition from 
these focal necroses to small granulomas was noted. There appeared to be 
about the same number of granulomas as was noted previously (Fig. 6). In 
one portal space a rounded sear containing small lymphocyte suggested a healed 
granuloma. Bacterial stains were negative. 


Fig. 7.—Photomicrograph (225). Case 6. One of the granulomas is shown located adjacent 
to the wall of a central vein. 


CasE 6.—J. J., a 41-year-old truck driver, had been ill for three months with easy 
fatigability and lack of energy, succeeded by chills, fever, and night sweats, Four months 
before the onset of his illness he had worked in a meat packing plant for six months. There 
were no abnormal findings on physical examination. The laboratory results included a leu- 
cocyte count of 4,500 with 40 per cent polymorphonuclear neutrophiles and 60 per cent 
lymphocytes. The erythrocyte sedimentation rate was 77 mm. in one hour (Westergren). 
The agglutinin titer for Brucella was 1 to 640, and Br. abortus was obtained from a culture 
of blood. He was treated with sulfadiazine and felt improved. Seven weeks later he was 
readmitted to the hospital because of chills, fever, malaise, headache, and a nonproductive 
cough. His temperature was 103.5° F., and the liver and spleen were now palpable. Cultures 
of blood yielded Br. abortus. Liver function studies were within normal limits. A biopsy of 
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the right lobe of the liver was made with the Silverman needle. He was treated with sulfa- 
diazine again, but because of the appearance of a granulopenia, therapy with this drug was 
discontinued, and streptomycin was administered. Because of the appearance of a skin erup- 
tion, and an accentuation of his fever, treatment with streptomycin was omitted. He finally 
approached a normal state of health and left the hospital. 


Study of Liver Biopsy: The strip of tissue obtained revealed a fairly normal 
liver architecture without an increase of connective tissue. The portal spaces 
contained a moderate mononuclear infiltrate. Scattered liver cells contained 
fat vacuoles, In all, nine epithelioid cell granulomas were noted which were of 
varying size, the largest occupying most of a high-power field. This is shown 
in Fig. 7. It was located adjacent to a central vein and consisted of a compact 
collection of epithelioid cells interspersed with small lymphocytes. Two Lang- 
hans type giant cells were present in the center. There was no necrosis. The 
smallest of the lesions consisted of four or five epithelioid cells forming a rounded 
mass within a sinusoid. 


CasE 7.—G. W., a 61-year-old farmer, presented a vague history of epigastric distress, 
recent left hemiplegia, loss of strength, reduction in weight, and night sweats, A diagnosis 
of peptic ulcer had been made in the past. There was no definite evidence of hypertension. 
In assembling further clinical data it was learned that a herd of cattle owned by the patient 
had Bang’s disease and abortions were occurring. The physical examination was essentially 
normal except for increased reflexes of the left upper and lower extremities, and a liver that 
was palpable at the costal margin. Laboratory data showed a leucocyte count of 7,450 with 
50 per cent polymorphonuclear neutrophiles, 39 per cent lymphocytes, and 11 per cent mono- 
eytes. A lumbar puncture revealed normal findings. The erythrocyte sedimentation rate was 
59 mm, in one hour (Westergren). Brucella agglutinins were present in the blood in a titer 
of 1 to 640, and cultures of blood yielded Br, abortus. Liver function studies revealed normal 


values. 

A liver biopsy was carried out with a modified Silverman needle. The patient was 
treated with a combination of streptomycin and sulfadiazine for two weeks. His response 
was satisfactory and he left the hospital improved. 


Study of Liver Biopsy: A strip of hepatic tissue showed a mild fatty meta- 
morphosis with frequent focal collections of mononuclear cells and scattered 
polymorphonuclear leucocytes. Present in these foci were a few epithelioid cells, 
and in others there were discrete round granulomas composed mainly of epi- 
thelioid cells with an occasional Langhans type of giant cell, as illustrated in 


Fig. 8. 


CasE 8.—K. S., a 56-year-old, white, farm wife, became ill three years before admission 
with a bilateral pleuritic pain, fever, night sweats, and pain over the lower part of the spine. 
In the intervening time she had lost 70 pounds in weight. Two years after the onset she had 
vaginal bleeding of one month’s duration, the cause of which was not ascertained. This was 
accompanied by a urinary tract infection which responded well to treatment with penicillin. 
Shortly thereafter, the patient had a cholecystectomy following an acute episode of right 
upper quadrant colic, vomiting, and chills, About nine months later, she was considerably 
dgbilitated and was admitted to a tuberculosis sanatorium with a diagnosis of Pott’s disease 
of the spine. Tuberculosis was excluded as a cause of her illness, and a diagnosis of active 
brucellosis with spondylitis was considered. She was admitted to the University Hospitals 
for treatment. The source of the patient’s infection could not be ascertained, although she 
drank raw milk. On examination she appeared poorly nourished and chronically ill. The 
spleen was palpable 4 cm. below the costal margin, and the liver, 6 cm. below the costal 
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Fig. 8.—Photomicrograph (x400). Case 7. A small granuloma is present. 


Fig. 9.—Photomicrograph (xX: . Case 8. A small granuloma is present within a portal 
space. 
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margin. There was tenderness to percussion extending from the lower thoracic level down 
to the lumbar area. Laboratory data revealed a leucocyte count of 5,900 with 45 per cent 
neutrophiles, 41 per cent lymphocytes, 7 per cent monocytes, 6 per cent eosinophiles, and 1 
per cent basophiles. The erythrocyte sedimentation rate was 46 mm. in one hour (Wester- 
gren). Agglutinins for Brucella were present in the blood serum in a titer of 1 to 1280. 
Br. abortus was identified in blood cultures on two occasions. Roentgenologic examination of 
the thoracic spine revealed an inflammatory process involving the seventh and eighth thoracic 
vertebrae, associated with destruction of the intervertebral dise and a perivertebral mass. 
Liver function studies showed abnormal findings as given in Table I. 


Fig. 10.—Photomicrograph (X200). Case 9. A small granuloma of moderate size is shown. 


A liver biopsy was carried out at the bedside with a modified Silverman needle, The 
patient was treated with a combination of streptomycin and sulfadiazine, receiving 0.5 Gm. 
of the. former every six hours for two weeks, and 1 Gm. of sulfadiazine every four hours for 
a similar period. She improved remarkably in this period, and left the hospital. A checkup 
one month later showed her to be afebrile and abacteremic, and feeling greatly improved. 


Study of Liver Biopsy: The specimen measured 2 em. in length and 1 mm. 
in diameter. There was an extensive mononuclear infiltrate of the portal areas, 
but there was no increase in connective tissue. Scattered throughout both portal 
areas and within liver lobules were granulomas of varying size, the largest of 
these approximating the measurements of a portal area. Fig, 9 shows a small 
granuloma within a portal space. The lesions were formed by epithelioid cells 
surrounded by varying numbers of lymphocytes. Central necrosis was absent. 
The liver ceils contained some fine brown pigment, and seattered regenerative 
and degenerative forms were present. 


Case 9.—A 32-year-old businessman had the onset of fever and sweats about three 
weeks before entry to the hospital. Sulfonamide and later penicillin were given without ecoin- 
cident improvement. There were no abnormal findings on physical examination. Data from 
laboratory procedures showed a leucocyte count of 8,300 with 56 per cent polymorphonuclear 
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neutrophiles, 30 per cent lymphocytes, and 7 per cent eosinophiles, The erythrocyte sedimen- 
tation rate was 44 mm. in one hour (Westergren), Agglutinins for Brucella were present in 
a titer of 1 to 5,120, but repeated cultures of blood remained sterile. Liver function studies 
showed normal values, 

A biopsy of the liver was performed with a modified Silverman needle. A portion of the 
tissue was cultured unsuccessfully for Brucella. The patient was treated with a combination 
of streptomycin and sulfadiazine over a period of two weeks. He felt considerably improved 
on discharge from the hospital. One month later he was abacteremic and afebrile. 


11.—Photomicrograph (150). Case 10; showing a large granuloma in liver studied 
post mortem, 


Study of Liver Biopsy: <A strip of liver showed a moderate fatty meta- 
morphosis. There was a heavy lymphocytic infiltrate in the portal areas. Well- 
formed epithelioid tubercles were present, one of which filled almost the entire 
high-power field in the portal space. This lesion consisted of a central collection 
of epithelioid cells and a peripheral zone comprising lymphocytes and plasma 
cells without necrosis. Fig. 10 shows a granuloma. 


Case 10.—R. B., a 25-year-old meat packing plant employee, had been ill for six months 
complaining of chilly sensations, fever, and night sweats. He was quite nervous. On exami- 
nation the outstanding feature was a firm spleen palpated 6 cm. below the costal margin. 
Laboratory information included a leucocyte count of 4,700 with 43 per cent polymorphonuclear 
neutrophiles, and 53 per cent lymphocytes, The sedimentation rate of the erythrocytes was 
66 mm. in one hour (Westergren). Agglutinins for Brucella were present in the blood in a 
titer of 1 to 5,120. Blood cultures remained sterile. Liver function studies performed five 
months before the liver was studied histologically revealed abnormal values as shown in 
Table I. 


The patient was not treated specifically, but he abstained from work and rested. He 
appeared to be getting along fairly well, when he took his life by hanging. A complete post- 
mortem study was carried out by Dr. Robert Hebbel and the only significant histologic find- 
ings related to the liver. 
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Study of Inver (Post Mortem): The liver weighed 1,850 grams. Its capsule 
was smooth. The markings on sectioning the organ were normal. The gall 
bladder contained greenish bile. The wall appeared normal and the extrahepatic 
bile ducts were patent and unchanged. Microscopic examination showed the 
presence of scattered granulomas in the liver, The largest occupied the greater 
part of a high-power field. They were round to oval, located within portal areas 
and within liver lobules. Fig. 11 shows a granuloma beneath the capsule. 


Fig. 12.—Photomicrograph "(%450). Case 11; showing a small granuloma. 


There was a predominance of small lymphocytes and plasma cells with a lesser 
number of epithelioid cells grouped centrally. No giant cells were noted and 
necrosis was absent. The smaller lesions consisted of dense coilections of 
lymphocytes and plasma cells. It is of interest that several of these larger foci 
showed evidence of healing consisting of a diminution of cellularity with an 
increase in collagen fibers. 


Case 11.—H. S., a 35-year-old, white farmer, had been ill for five months. The onset 
was marked by severe chills, fever, malaise, anorexia, and weakness, During the course of 
his illness he had lost 49 pounds in weight. Night sweats had been prominent. The patient 
was severely exposed to Bang’s disease existing in a herd of cattle. He had removed a 
retained placenta with his unprotected hands. He had also ingested raw milk from this herd. 
It is of interest that three years previously he had had hepatitis of unknown etiology. There 
were no physical abnormalities apparent on physical examination except for generalized 
lymphadenopathy and a skin eruption consistent with erythema multiforme. Laboratory data 
showed a leucocyte count of 6,600 with 52 per cent polymorphonuclear neutronkiles, 39 per 
cent lymphocytes, 4 per cent eosinophiles, 4 per cent monocytes, and 1 per cent basophiles. 
Brucella agglutinins were present in his blood in a titer of 1 to 640. Repeated cultures of 
venous blood remained sterile. Liver function studies were all within normal limits, 

A liver biopsy was obtained at the time of peritoneoscopy. The surfaces of the liver 
appeared normal, The patient was treated with streptomycin and sulfadiazine for a period 
of two weeks. He improved markedly and has felt well since leaving the hospital. 
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Study of Liver Biopsy: There were two thin fragments of liver measuring 
1 and 2 em. in length and 1 mm. in diameter. The portal area showed a mod- 
erately severe infiltrate with mononuclear cells. Fig. 12 shows a small gran- 
uloma. Within several liver lobules there were small granulomas consisting of 
central epithelioid cells and a surrounding zone of lymphocytes. 


DISCUSSION 


An outstanding feature in this study of eleven patients is that hepatic 
lesions have been present in every instance. The presence of granulomas in the 
liver lobule or in the portal areas, with a portal cellular infiltrate in several 
cases, indicates that these hepatic lesions cannot be considered as complications 
but as a part of the natural course of the disease. The presence of the hepatic 
lesion has no relationship to the severity of the infection or to the clinical status 
of the patient. The changes have been observed in individuals who were quite 
ill, and in others who were symptomatically well at the time the biopsy was made. 

The genesis of these lesions is worthy of comment. Thus far, in the human 
investigations, the hepatic changes have been associated only with Br. abortus. 
This species is usually less invasive than Brucella suis or Brucella melitensis. 
The appearance of epithelioid cells in the liver lobules, and in the portal spaces, 
undoubtedly represents a response to the invasion of cells by Br. abortus. This 
infiltration with epithelioid cells indicates either an efficient defense mechanism 
or invasion of the tissue by microorganisms of low virulence. From observations 
being conducted in this laboratory by Dr. A. I. Braude in experimentally in- 
fected animals,® it appears that a combination of these factors is responsible for 
the noneaseating granuloma. He has observed severe caseation occurring with 
Br. suis and Br. melitensis. He has also observed that just a few days before 
the appearance of epithelioid cells there is an intracytoplasmic invasion of the 
hepatie cells by demonstrable Brucella, but without any surrounding cellular 
reaction. In the present investigations, attempts were made to culture a portion 
of the hepatic tissue containing granulomas obtained from four patients, and in 
each instance the cultures remained sterile. 

The hepatic lesions that have been described in this report are not specific 
for brucellosis. The granulomas in the bone marrow of patients having brucel- 
losis could not be distinguished from sarcoidosis, as pointed out elsewhere.t| This 
also applies to the hepatic granulomas and sarcoidosis. Obviously, the histologic 
diagnosis of involvement of the liver in sarcoidosis should not be made until 
brucellosis has been carefully ruled out. In addition, the granuloma of brucel- 
losis cannot be differentiated from that observed in some eases of tuberculosis 
and syphilis. 

The simultaneous performance of a battery of liver function tests and an 
hepatie biopsy has shown little or no hepatic dysfunction in several of the 
patients having demonstrable changes in the tissues. Instances of hepatitis, a 
diagnosis based upon clinical and biochemical evidence of liver dysfunction, 
have been deseribed in patients with brucellosis.'° 1! A question which this 
study has provoked is whether brucellosis will cause extensive and permanent 
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hepatic changes such as cirrhosis of the liver. This aspect of the problem will 
be considered in another paper; individual instances of cirrhosis occurring in 
brucellosis have been reported in this country.’?**1* Frequent reference to 
this association has been made from time to time in the continental literature.’°-*4 
In this laboratory, it has not been possible thus far to produce cirrhosis of the 
liver in experimentally infected animals. While a direct relationship between 
hepatie cirrhosis and human brucellosis has not been clearly established, there 
is accumulating evidence that brucellosis may be a major accessory incitant in 
the genesis of severe and, at times, fatal cirrhosis. 

The accurate diagnosis of brucellosis is dependent upon laboratory tests 
including cultural and serologic methods. Too frequently, bacteriologic evidence 
for brucellosis is lacking, and the remaining data may be inconclusive, or even 
conflicting. Therefore, any procedure that will aid in the diagnosis of active 
brucellosis will be looked upon favorably by clinicians. The present studies 
indicate that demonstrable histologic changes may be present in the livers of 
at least the majority of patients having active brucellosis, The removal of an 
adequate specimen of liver by means of a needle biopsy may be a useful diag- 
nostic procedure in the more doubtful cases. Although more satisfactory treat- 
ment is now available for brucellosis in the form of combined treatment with 
streptomycin and sulfadiazine, one does not like to submit doubtful eases to 
such therapy because of the expense entailed, and also because of the potential 
toxic reactions either of the two drugs may induce. 


SUMMARY 

1. Biopsies of the liver have been carried out in ten patients with active 
brucellosis. The histologic appéarance of tissue obtained post mortem has been 
described for an eleventh case. A battery of liver function tests was carried 
out simultaneously with the biopsies in ten cases. 

2. The basie hepatic lesions are granulomas in the lobules and portal spaces, 
along with a cellular infiltrate in the portal areas. The granuloma is not specific 
for brucellosis and cannot be distinguished from sarcoidosis, and, in some in- 
stances, from the lesions of tuberculosis and syphilis. 

3. In several instances, there was little or no deviation from normal in the 
liver function tests, although definite histologic changes were apparent. While 
a direct relationship between brucellosis and cirrhosis of the liver has not been 
established, there is accumulating evidence that brucellosis may play an im- 
portant accessory role in the genesis of cirrhosis. 

4. It is suggested that biopsy of the liver may be employed for diagnostic 
purposes in doubtful eases of human brucellosis. 


REFERENCES 


1. Spink, W. W., and Sundberg, D.: The Histopathology of Lesions in the Bone Marrow 
of Patients Having Active Brucellosis, Blood, Supp. No. I; p. 7, 1947. 

2. Fabyan, M.: A Contribution to the Pathogenesis of B. abortus, Bang. II. J. Med. Res- 
26: 441, 1912. 

3. Jaffe, R. H.: Ueber die experimentelle Infektion des Meerschmeinchens mit dem 
Bacillus melitensis (Bruce) und dem Bacillus abortus (Bang), Virchows Arch. f. 
path. Anat, 238: 119-134, 1922. 





SPINK, HOFFBAUER, WALKER, AND GREEN 


. Léffler, W., and von Albertini, A.: Pathologisch-anatomische Befunde bei sogennanten 
Febris undulans des Menschen, Krankheitsforschung 8: 1-16, 1930. ’ 
. von Albertini, A., and Lieberherr, W.: Beitrige zur pathologischen Anatomie der Febris 
undulans Bang, Frankfurt. Ztschr. f. Path. 51: 69-97, 1937. 
. Mettier, S. R., and Kerr, W. J.: Hepatitis and Cholecystitis in the Course of Brucella 
Infection, Arch. Int. Med. 54: 702, 1934. 
. Lowbeer, L.: Brucellotic Osteomyelitis of Ileum and Scapula With Granulomas of 
Liver and Gallbladder, Am. J. Path. 22: 644, 1946. 
. Hoffbauer, F. W.: Needle Biopsy of the Liver, J. A. M. A. 134: 666, 1947. 
. Braude, A. I.: Unpublished observations. 
. Zaus, E. A., and Espey, H. S.: Hepatomegaly and Ascites in Undulant Fever, Illinois 
M. J. 82: 144, 1942. 
. Chaikin, N. W., and Schwimmer, D.: Hepatitis in the Course of Brucella Infection. 
Report of a Case, Rev. Gastroenterol. 10: 130-132, 1943. 
2. Rothenberg, R. C.: Undulant Fever: A Fatal Case, Ann. Int. Med. 6: 1275, 1933. 
. McCoy, C. C.: A Fatal Case of Undulant Fever Complicated by Cirrhosis of the Liver, 
Clin. Mise., Mary I. Bassett Hosp. 2: 109, 1935. 
. Cohen, E. B.: Brucellosis at the State of Wisconsin General Hospital, Wisconsin M. J. 
45: 847-851, 1946. 
. Hegler, C.: Abstract in: Literatur- und Verhandlungsberichte- Hamburg Aertztlicher 
Verein—30 Oct. 1928, Deutsche med. Wehnschr. 54: 2187, 1928. 
. Gregersen, F., and Lund, T. M.: De patologisk-anatomiske Forandringer ved Febris 
undulans, Hospitalstid. 74: 349, 1931. 
. Loffler, W.: Besonderheiten der Febris undulans Bang des Menschen, Schweiz. med. 
Wehnschr. 61: 968, 1931. 
. Wohlwill, F.: Zur pathologischen Anatomie der Bangerkrankung des Menschen, Vir- 
chows Arch. f. path. Anat. 286: 141, 1932. 
9. Schittenhelm, Alfred: Maltafieber und Banginfektion, Klin. Wehnschr. 11: 905, 1932. 
. Diehl, F., and Roth, F.: Hepatolienale Syndrome bei Bangscher Krankheit, Deutsches 
Arch. f. klin. Med. 178: 271, 1935. 
21. Nieod, J. L.: Contribution a 1l’etude anatomo-pathologique de la maladie de Bang, 
Schweiz. med. Wehnschr. 65: 238, 1935. 
2. Hantschmann, L.: Die Bang’sche Krankheit des Menschen, Zentralbl. f. inn. Med. 57: 
393, 1936. 


3. Karkoff, N. G.: Zur Frage der Leberschaidigung bei Bang’scher Krankheit, Zentral. 
f. inn. Med. 58: 993, 1937. 

. Abellan Ayala, A.: Contribucién al estudio de las hepatocirrosis melitococicas, Med. 
Clin., Barcelona 5: 201, 1945. 





THE TREATMENT OF PNEUMOCOCCAL PNEUMONIA BY PENICILLIN 
IN AQUEOUS SOLUTION AT LONG INTERVALS 


EFFECTIVENESS OF Two Doses IN First TWENtTy-FouR Hours FOLLOWED BY 
SINGLE Datty INJECTIONS 


Morton HamsBurcer, M.D., JEROME R. BERMAN, M.D., 
Rosert T. THompson, M.D., AND M. A. BLANKENHORN, M.D. 
CINCINNATI, OHIO 


HE technique of administering penicillin has been the subject of considerable 

investigation since the original discovery that the tubules of the kidney 
eliminate penicillin rapidly from the blood. Thus, many attempts have been 
made to develop preparations which would either permit penicillin to be absorbed 
slowly from a depot into which it was injected or which would retard its excre- 
tion from the body.’ *»* These efforts were based upon the assumption that 
constant ‘‘therapeutic’’ blood levels are necessary for the successful treatment 
of most infections. In the early experience of Tillett, however, and also more 
recently, evidence has been presented which casts doubt upon the necessity for 
continuous blood levels in all situations.*-'° 

An opportunity to subject these considerations to clinical trial existed in 
the Cincinnati General Hospital, where many patients with pneumococeal pneu- 
monia are treated, and where typing of pneumococci is still carried out. During 


the winter of 1947-1948, therefore, the efficacy of one or two daily doses of 
erystalline penicillin G in distilled water was investigated in a series of 118 
cases of pneumonia, sixty-four: of which were caused by demonstrated typed 
pneumococci. It is the purpose of this communication to describe the results 
of this regimen, which has been associated with a lower mortality rate for 
pneumonia than has ever been observed in this hospital. 


Plan of Study.—Beginning Dec. 15, 1947, all patients admitted to the Medical Service 
of the Cincinnati General Hospital with a primary diagnosis of pneumonia were treated with 
penicillin but no other chemotherapeutic agents. The only exceptions were cases where menin- 
gitis or endocarditis complicated pneumonia, and where the pneumonia was believed to be 
caused by gram-negative bacilli. Streptomycin and sulfonamides were administered in addi- 
tion to penicillin when gram-negative bacilli were believed to be the cause of the pneumonia; 
such cases are not included in the present series. 

Before penicillin was administered, a sample of sputum was cultured in blood broth 
for typing of pneumococci, and a blood culture was made. The latter consisted of 3 c.c. of 
blood added to 50 c¢.c. infusion broth in a flask, and an agar pour plate prepared from 1 c.c. 
of the patient’s blood. An x-ray of the chest was made in every case within twenty-four 
hours of admission, and follow-up films were made in most cases. 

Three dosage schedules were investigated (Table I). At the beginning of the study 
patients admitted on the odd days of the month, i.e., the 1st, 3rd, 5th, ete., were given 300,000 
units of crystalline penicillin G in 3 ¢.c. distilled water intramuscularly as soon as the diag- 
nosis of pneumonia was made and the material for blood and sputum cultures secured. This 
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TABLE I. INTRAMUSCULAR PENICILLIN DOSAGE SCHEDULES INVESTIGATED IN THIS STUDY 








NAME OF 
SCHEDULE DOSAGE WHEN USED 
300,000 series 300,000 units crystalline penicillin G in 3 ¢.c. dis- Odd days of month, 
tilled water on admission, and every 24 hours Dec. 15, 1947, to 

for 6 days or until temperature is normal for June 1, 1948 
48 hours; 1 ‘‘ booster dose’’ given 12 hours after 
first dose only 





200,000 series Same as 300,000 series, except that each dose Even days of month, 
consisted of 200,000 units in 2 ¢.c. distilled water. Feb. 21, 1948, to 
June 1, 1948 


25,000 q. 3 h. 25,000 units crystalline penicillin G in saline or Even days of months, 


series distilled water every 3 hours for 6 days or until Dee. 15, 1947, to 
temperature was normal for 48 hours. Feb. 20, 1948 





dose was repeated every twenty-four hours for six days or until the temperature was normal 
for forty-eight hours. In addition to the daily dose, a ‘‘booster’’ dose of 300,000 units in 
distilled water was given twelve hours after the initial dose, on the first day only. This 
schedule, which will be referred to as the ‘‘300,000 series,’’ was continued throughout the 
entire period of the investigation, from Dec. 15, 1947, to June 1, 1948. 

Patients admitted on the even days of the month were given penicillin according to 
the accepted conventional method, i.e., 25,000 units in saline or distilled water every three 
hours, for six days or until the temperature was normal for forty-eight hours. This schedule 
was adhered to from Dee. 15, 1947, until Feb. 20, 1948. At that time it was apparent that 
clinical results with the two schedules were indistinguishable. It seemed advisable to deter- 
mine, therefore, whether 200,000 units might be as efficacious as 300,000 as the basic dosage 
in the ‘‘one-a-day’’ treatment. The 25,000-units-every-three-hours program was, therefore, 
terminated, and in its place was substituted a schedule identical with that employed on the 
odd days of the month, except that 200,000 units crystalline penicillin G in 2 ¢.c. distilled 
water were used instead of 300,000 units. This schedule, which will be referred to as the 
*¢200,000 series,’’ was followed from Feb. 20, 1948, through June 1, 1948. 


ANALYSIS OF THE CASE MATERIAL 


Distribution According to Type—Pneumococei were recovered from the 
sputum of sixty-four of the 118 cases in the 200,000 and 300,000 series. Tabula- 
tion of the type distribution (Table II) showed that the commonest types were, 
in order 2, 7, 4, 3, 14, 1, 5, 9, and 18. , 

The cases from which no pneumococci were recovered included an assort- 
ment of pulmonary conditions, and have not been analyzed in detail. Most of 
them presented the clinical picture of pneumococcal pneumonia; some more 
closely resembled ‘‘virus pneumonia’’; and a few were eases of acute infections 
superimposed upon chronic lung disease such as bronchiaectasis. Though they 
cannot properly be included in mortality statistics for pneumococcal pneumonia, 
they are worth presenting at this time because the patients were all acutely and 
at least moderately ill, as patients must be to gain entrance to the wards of the 
Cincinnati General Hospital. 


Bacteremia.—Twenty of the sixty-four pneumococcal cases had _ positive 
blood cultures, an incidence of 31.2 per cent. The distribution of bacteremia 
among the 200,000 and 300,000 series is presented in Table ITI. 





TREATMENT OF PNEUMOCOCCAL PNEUMONIA 


TABLE II, DISTRIBUTION OF CASES ACCORDING TO TYPE OF PNEUMOCOCCUS 








200,000 300,000 | GRAND 
; SERIES SERIES TOTAL | TOTAL 
Pneumonia diagnosed but no pneumococci re- 20 34 54 118 








covered 
Typed pneumococci recovered 46 64 
Type distribution 
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TABLE III. INCIDENCE OF BACTEREMIA IN PNEUMOCOCCAL CASES 








NUMBER OF CASES 
(NONBACTEREMIC PLUS BACTEREMIC) PER CENT BACTEREMIC 
200,000 series 18 39.0 
500,000 series 46 28.2 
Total 64 31.2 











Extent of Pneumoma.—tTable IV shows that though the pneumonia in 
most of the cases was restricted to a single lobe, portions of two or more lobes 
were involved in 32 per cent. The higher incidence of multilobar pneumonia in 
the 300,000 than in the 200,000 unit series was due to chance. 


TABLE LV. DISTRIBUTION OF PNEUMOCOCCAL CASES ACCORDING TO NUMBER OF 
LOBES INVOLVED 








ity 2 
200,000 series ie 1 
300,000 series 26 “lg 
Total 43 18 


*Portion of a lobe counted as one lobe. 











Age of Pneumoma at Onset of Treatment.—The effect of campaigns to con- 
vince the public of the importance of early treatment of disease is borne out by 
the fact that 64 per cent of the patients in this series were admitted on or before 
the fourth day of their pneumonia (Table V). This is a high proportion for 
a city hospital as compared with the experience ten or fifteen years ago. 

Distribution of Cases According to Age of Patients—Table VI presents 
the age distribution of the cases by decades. The patients were approximately 
evenly divided between those 40 and under and those over 40, 
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TABLE V. DISTRIBUTION OF PNEUMOCOCCAL CASES ACCORDING TO DURATION OF PNEUMONIA 
WHEN TREATMENT WAS BEGUN 








DAYS 





MORE 
| THAN 7 UNKNOWN 


200,000 series : j 1 2 il 
300,000 series : 5 6 0 
Total j : é 8 1 











TABLE VI. DISTRIBUTION OF PNEUMOCOCCAL CASES ACCORDING TO AGE OF PATIENT 


| | % 40 
AND 
13-20 | 21-30 | 31-40 | 41-50 | 51-60 | 61-70 | 71-80 | 81-90 — UNDER 
200,000 2 3 6 4 0 1 2 0 18 55.6 
series 
300,000 5 1 46 
series 


Total 

















RESULTS OF TREATMENT 


The results of treatment in the sixty-four pneumococeal cases are summar- 
ized in Table VII. There were four deaths, a mortality of 6.3 per cent. When 
the bacteremic cases were caleulated separately from the nonbacteremic, we 
found a mortality rate of 15 per cent for the former and 2.3 per cent for the 
latter. In the small series of cases treated with 200,000 units at a time, the 


mortality was almost the same as in the 300,000 series. 


TABLE VII. MorvTanity In SIxty-FourR CASES oF PNEUMOCOCCAL PNEUMONIA 








BACTEREMIC AND NON- 
NONBACTEREMIC CASES BACTEREMIC CASES BACTEREMIC CASES 
| 
NUM- % MOR- | NUM- % MOR- | NUM- % MOR- 
| BER |DEATHS| TALITY BER |DEATHS| TALITY BER |DEATHS| TALITY 
200,000 ae i 1 14.3 18 1 5.5 
series 
300,000 30 l 5 3 2 15.4 16 3 6.5 
series 
? 


Total «4d E 20 : 15.0 64 4 6.3 














The clinical response with both dosage schedules was rapid in most cases 
and dramatie in some. Often by twelve and usually by the end of twenty-four 
hours after the first dose, the temperature had dropped precipitately and the 
patient experienced great subjective improvement. This was more striking in 
the younger than in the older patients. 

Resolution of the pneumonie lesion as shown on roentgenograms was not 
noticez. ly different from that experienced with other forms of treatment used 
in recent years. The lungs of most patients cleared within about a week, 
though in some instances progress was slower. Representative films are presented 
in Figs. 1 and 2. Complications were conspicuously absent. Once treatment 
had been inaugurated, meningitis, endocarditis, arthritis, or empyema did not 





TREATMENT OF PNEUMOCOCCAL PNEUMONIA 


Fig. 1.—Bacteremic Type 3 pneumococcal pneumonia in a 73-year-old woman treated on the 
**300,000 unit schedule.’’ 
Marked resolution of pulmonary lesion in six days. 


Mie f. *| 


Fig. 2.—Nonbacteremic Type 7 pneumococcal pneumonia in a 22-year-old man treated on 
the ‘200,000 unit schedule.’ 
Complete resolution of pulmonary lesion in six days . 
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ensue. In two instances sterile pleural effusions appeared after recovery from 
the pneumonia, and in neither case did the effusion recur after its removal by 
thoracentesis. 

Three of thé four deaths occurred in patients in the eighth decade. The 
four fatal cases are summarized below. 


1. E. G., CGH233031. This 79-year-old woman was admitted with the 
history of an acute febrile respiratory illness of a week’s duration and chronic 
cough of several years’ duration. The temperature was 101.8° F., pulse 120, 
respirations 48, and blood pressure 180 systolic and 90 diastolic. She was very 
ill, presenting signs of consolidation over the right upper lobe and evidence of 
patchy pneumonia in all other lobes. In addition she suffered from decompen- 
sated arteriosclerotic heart disease. 

Sputum culture yielded pneumococcus Type 34; blood culture was negative. 
Admission white blood count was. 8,800. 

She was placed on the 300,000 unit penicillin schedule, given oxygen, and 
digitalized. She responded with temporary improvement, but lost ground and 
died six days after admission. Autopsy revealed evidence of chronic bron- 
chiectasis and pulmonary fibrosis, bilateral lobular pneumonia, pulmonary edema, 
and hypertrophy of the right ventricle of the heart. 

2. T. O’B., CGH235314. This 77-year-old white man was admitted to the 
hospital on Feb. 20, 1948, in a critical state and died eight days later. He had 
been ill for about three weeks, though no specific symptoms could date the onset 
of the pneumonia. Temperature 100, pulse 90, respirations 22, blood pressure 
130 systolic and 60 diastolic. He was severely dehydrated and greatly under- 
nourished. Cyanosis was moderate. There were signs of pneumonia in the 
right upper lobe, evidence of generalized arteriosclerosis and auricular fibrilla- 
tion. 

Both sputum and blood cultures yielded Type 2 pneumococeus. The white 
blood count was 6,000, the blood urea nitrogen 40 milligrams per cent. 

He was placed on the 300,000 unit schedule, and though blood and sputum 
cultures were negative on the third hospital day, he failed to improve clinically. 
It seemed remarkable that he lived eight days. 

An autopsy revealed confluent lobular pneumonia involving the right up- 
per, middle, and lower lobes. There was aspirated food in the left lower lobe 
with partial occlusion of the bronchus. There was no meningitis or endo- 
carditis. 

3. L. V., CGH236791. This was a ease of fulminating Type 2 pneumo- 
coccal pneumonia in a woman of 34. The patient was admitted to the hospital 
on April 1, 1948, with pneumonia of about three days’ duration. Temperature 
102° F., pulse 120, respirations 28, blood, pressure 106 systolic and 40 diastolic. 
There were signs of consolidation in the right lower and middle lobes. On her 
way to the ward, she went into shock. She was placed on the 300,000 unit 
schedule and given 500 ¢.c. plasma and 2,000 ¢¢. 5 per cent glucose intra- 
venously, but died twelve hours later. Permission for autopsy was denied. 

Cultures of sputum and blood yielded Type 2 pneumococecus. The white 
cell count was 7,250. The blood urea nitrogen was 12 milligrams per cent. 
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4. F. B., CGH237555. This 74- yeal on white man was admitted to the 


hospital on April 26, 1948, and died six hours later. The temperature was 
101.4° F., pulse 120, respirations 28, and blood pressure 140 systolic and 90 
diastolic. He presented the signs of decompensated arteriosclerotic heart dis- 
ease and pneumonia of the left lower lobe. He had been acutely ill for two 
weeks and received an unknown amount of sulfadiazine and penicillin before 
admission to the hospital. 

Blood and sputum cultures yielded Type 15 pneumococeus. The white 
blood eount was 32,350. 

While on the ward he received one injection of 200,000 units of penicillin. 

Permission for autopsy was not obtained. 

Only one death occurred among the fifteen cases of pneumococcal pneu- 
monia treated with 25,000 units penicillin every three hours. This patient was 
a 94-year-old man suffering from Type 1 pneumococcus pneumonia, who died 
on the eighth day of treatment. The only bacteremic patient in this series re- 
covered. The mortality rate was 3.4 per cent. 

There were no deaths among the fifty-four cases which were diagnosed as 

‘‘pneumonia,’’ but from which no pneumococci were recovered. Since several 
series of cases of ‘‘pneumonia’’ have been reported in the literature in which 
pheumococcus typing was not carried out, we have ecaleulated the over-all mor- 
tali_y in our 118 cases of pneumococcal and nonpneumococeal pneumonia treated 
with 200,000 or 300,000 units a day for comparison with such series. The rate 
was 3.4 per cent. 


DISCUSSION 


The clinical results reported in this paper are of interest from the practical 
and theoretical points of view. In this time of shortage of nursing and other 
hospital personnel, the advantages of administering penicillin only twice the 
first day and once a day thereafter are evident. There are also advantages 
in the use of erystalline penicillin free of procaine, beeswax, and oils of various 
types, which, though they have served us well, do produce a certain number of 
undesirable side reactions. 

The mortality rates—15 per cent in bacteremic, 2.3 per cent in nonbac- 
teremic, and 6.3 per cent for bacteremic and nonbacteremic patients—are lower 
than have been encountered previously in the Cincinnati General Hospital for 
similar series of cases. Thus, in the years 1945-1946 and 1946-1947, the gross 
mortality in pneumococcal pneumonia was, respectively; 12.0 per cent and 14.6 
per cent. The patients in these series were unselected. There was no exclusion 
because of age, state of sobriety, severity of illness, or duration of pneumonia. 

It is not our intention in this place to discuss the interesting theoretical 
implications of this penicillin schedule, for they will be alluded to in a separate 
report dealing with penicillin blood levels in these patients.‘ Suffice it to say 
here that very high blood levels were found one hour after the initial dose of 
penicillin, and measurable levels for at least six hours afterwards. 
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SUMMARY 


Sixty-four unselected patients admitted to the Cincinnati General Hospital 
for pneumonia caused by typed pneumococci were treated with 300,000 or 
200,000 units crystalline penicillin G in distilled water twice the first twenty- 
four hours, and then once each twenty-four hours for six days or until the 
temperature was normal for forty-eight hours. The mortality in this series was 
6.3 per cent. The rate in twenty bacteremic cases was 15 per cent and in 
forty-four nonbacteremic cases, 2.3 per cent. Clinical recovery was rapid and 
purulent complications following therapy were nonexistent. 

Among fifty-four cases of miscellaneous untyped pneumonia treated during 
the same period according to the same regimen, there were no deaths. 
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NEW PENICILLIN PRODUCTS FOR SUSTAINED EFFECTS 


Leo LoEwE, M.D., Aubert E. SoBEL, PH.D., AND ERNA ALTURE-WERBER, PH.D. 
BROOKLYN, N. Y. 


HESE studies were intended to devise penicillin preparations which would 

couasistently yield prolonged and enhanced blood serum levels following a 
single subcutaneous or intramuscular injection. The ultimate objective was 
to develop a clinically effective, slowly and wholly absorbable, nontoxic prod- 
uet which could also be adapted for oral use. 

Two major approaches were explored: 

One approach was to enmesh crystalline salts of penicillin in protein, pref- 
erably of nonantigenic type such as blood serum of the same species or gelatin. 
The resulting penicillin-protein complex was then insolubilized with formal- 
dehyde or with a heavy metal salt which formed inso!uble derivatives with both 
penicillin and protein. The cations employed were those required by the body, 
namely ferric and cupric salts. 

The other approach was to suspend these penicillin preparations or erys- 
talline Na penicillin ‘‘g’’ in Tween 20 (polyoxyalkylene derivative of sorbitan 
monolaurate).* This was predicated on the hypothesis that Tween 20 retards 
penicillin excretion by attaching itself to lipids and lipoproteins at one end 
and to penicillin at the other end which results in formation of a larger mole- 
cule. The possibility of a Caronamide-like effect was also considered. 


METHODS 


(A) Technique of Preparation of Formaldehyde-Treated Penicillin Protein Mixtures.— 
1. 1 Gm. Na. (or Cu) penicillin and 0.5 to 2.5 Gm. gelatin, in 15 ml. 
H,O, are dehydrated while frozen, 
2. The dried mixture is treated with 5 ml. of 40 per cent formaldehyde in 
125 ml. acetone overnight, at 0 to 5°. Acetone is employed because in 
it penicillin is stable and both the penicillin and formaldehyde-treated 
gelatin are insoluble. 
. The penicillin containing precipitate is filtered, dried in vacuo, and finely 
ground. 
(B) Preparation of Cu++ or Fe+++ Penicillin-Protein Mixtures.— 
1. To 0.6 Gm. penicillin dissolved in 15 ml. plasma, 320 ml. of 2.5 
per cent CuSo,.7 H,O or FeCl; are added. 


2. The penicillin containing precipitate is filtered, washed with H,O, dried 
in vacuo, and finely ground. 


(C) For orientation purposes all products were first tested in animals. Experiments 
were carried out as a rule with single dosages equalling 300,000 O. U. penicillin. Potency 
controls assays were done by both biologic! and colorimetric? methods. The insolubilized 
penicillin-protein complex first had to be trypsin digested in order to release the penicillin 
for assay. 


(D) Blood samples were drawn periodically over a span of twenty-four to forty-eight 
hours for determination of penicillin levels. In evaluating some preparations the penicillin 


From the Departments of Medicine and Biochemistry, Jewish Hospital of Brooklyn. 
Aided by grant of funds from the Jacques Loewe Research Foundation, New York, N. Y. 
Received for publication, Aug. 21, 1948. 

*The Tween 20 was supplied by the Atlas Powder Company, Wilmington, Del. 
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content of the urine was also estimated in order to establish the extent and duration of peni- 
cillin elimination. 

It might be stated that our serum penicillin assay method! employing Streptococcus 
pyogenes C203 as test organism yields generally and, at times, appreciably lower values 
than the Food and Drug Association assay method which uses the Bacillus subtilis as test 
organism.3,4 Therefore, recorded data with the streptococcus C203 system, as a rule, are 
on the conservative side. 
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1.—Penicillin blood levels in rabbits following single subcutaneous dose of formaldehyde- 
treated penicillin gels. 
EXPERIMENTAL OBSERVATIONS 

At the outset the products were tested in rabbits by direct implantation 
under the skin in open gelatin capsules to obviate any influence of a vehicle. 
As may be seen in Fig. 1, the injection of crystalline Na penicillin ‘‘g’’ in saline 
fails to show measurable blood serum levels after nine hours. By contrast with 
these controls, prolonged effects are noted up to forty-five hours with the peni- 
cillin-gel implants and up to twenty-four hours with the same products sus- 
pended in saline and injected subcutaneously. 

The formaldehyde-treated penicillin gels* were mechanically ground to par- 
ticle sizes permitting injection through an 18 or 20 gauge needle. Because the 
resultant fine, insoluble, free-flowing powders tended to settle out in saline, 
they were suspended in ethylene-glycol and in Tween 20. While ethylene-glycol 
allowed ease of handling as compared with the gels suspended in saline, the 
measurable penicillin serum values were about the same, enduring for over 
twenty-four hours. However, the same gels suspended in Tween 20 reflected 
not only the stabilizing property but also the additive, prolonging, and en- 
hancing effects of Tween 20; the composite result was marked prolongation of 


*Referred to in illustrations as CH20-Gels. 
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Fig. 2.—Comparative penicillin blood levels in rabbits following single subcutaneous dose of 
formaldehyde-treated penicillin gels suspended in saline, ethylene glycol, and Tween 20. 
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Fig. 8.—Penicillin blood levels in rabbits following single subcutaneous dose of metal 
penicillin-protein mixtures. 
detectable penicillin levels for a span of forty hours with relatively high 
values for thirty-four hours (Fig. 2). 
These singular effects were probably accomplished in a twofold manner; 
(1) the insolubilized penicillin-protein complexes were slowly degraded in the 
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tissues by enzymatic action harmless to penicillin, and (2) the liberated peni- 
cillin combined with the Tween 20 which then exerted its augmenting action. 


Animal experiments were also conducted with copper- and iron-penicillin- 
protein mixtures (Fig. 3). The penicillin values for these copper and iron com- 
plexes were compared with formaldehyde-treated gels suspended in Tween 20. 
The metal products yielded flatter curves suggesting that they dissociated less 
readily. This is in keeping with published data® that metal penicillin products 
generally do not break down readily in vitro and dissociate but slowly in vivo. 
Prolonging effects are nevertheless apparent, levels being present up to twenty- 
six hours with the copper and up to thirty hours with the iron products. The 
formaldehyde-treated gels in Tween 20 still evidence the most conspicuous pro- 
longing and enhancing effects. 

Comparison of graphs showing the average blood levels obtained after 
subcutaneous injections of 300,000 O. U. of penicillin in Tween 20 and in saline 
shows that Tween 20 per se has prolonging and enhancing properties; thirty- 
four hour detectable levels as against nine-hour control levels. 

In order to explore further this phenomenon and elucidate its mechanism, 
animal experiments were done as recorded in Table I. Each experiment was 
carried out with a single dose of 500,000 O. U. erystalline Na penicillin ‘‘g.’’ 


TABLE I. PENICILLIN SUSTAINING AND/OR ENHANCING EFFECTS OF TWEEN 20 IN RABBITS 








B.OUD LEVELS 
OXFORD UNITS PER ML. OF SERUM 
EXPERIMENT 16 HR. | 20 HR. | 24 HR.| 28 HR.[ 52 Hr. | 4') HR | 48 HR | 67 HR. 

Control—5 ml. ‘l'ween 0 0 0 0 

20 s.c. 

Repeat in 3 hours s.c. 
Control—Na Penicillin G 

500,000 O.U. in 

saline s.e. 
Na Penicillin G 500,000 

O.U. in 5 ml. Tween 

20 s.c. 

ml. Tween 20 s.e. 

r. flank; 3 hours later 

Na Penicillin G 

500,000 O.U. s.c. 1. 

flank 

ml, Tween 20 s.c.; 

repeat in 3 hours s.¢.; 

followed in 3 hours 

by Na Penicillin G 

500,000 O.U. in 

saline i.v. 











It was evident from these studies in rabbits that: 


1. Tween 20 subcutaneously had of itself no antibiotic effects. 


2. Penicillin in saline subcutaneously gave no detectable levels at and after 
sixteen hours. 


3. Injection of the penicillin mixed in Tween 20 yielded appreciable levels 
for forty-eight hours. 
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4. The prolonging property of Tween 20 was observed even though it was 
injected separately three hours before the penicillin and at a different site. 
Substantial penicillin levels were obtained for twenty-four hours. 

5. The combination of Tween 20 and penicillin necessary for prolonging 
and enhancing effects may occur in the blood as shown in the last of this series 
of tabulated animal experiments. Here two separate subcutaneous injections 
of Tween 20 were given three hours apart; six hours after the first and three 
hours after the second Tween 20 injection, penicillin in saline was given intra- 
venously. Prolongation was striking and persisted for sixty-seven hours. 


6.0 





PENICILLIN DOSAGE 300,000 OU. INTRAMUSCULARLY 


— = — CH20 Gel (Protein:Penicillin = 2 %:1) 
————— CH20 Gel (Protein: Penicillin= % :1) 





40 


( HUMANS) 





g 
Fs 
c 
3 
E 
& 
2 
8 
> 
° 
= 
i 
& 
g 
c 
) 
5 
é 











2 4 0 2 4. 6 8 20 2 24 2 2 
Hours after Injection 


Fig. 4.—Influence of protein content of formaldehyde-treated penicillin gels on sustaining 
blood levels following single intramuscular dose in human beings. 


The principles embodied in these various preparations have been applied 
in human subjects. While our studies in this direction are by no means com- 
plete, similar prolonged effects were noted following a single dose injection of 
insolubilized penicillin gel suspended in saline or Tween 20 and a similar dose 
injection of Na penicillin ‘‘g’’ in Tween 20. 

In the case of the formaldehyde-treated penicillin gel it was not possible 
to translate the results of animal experimentation into clinical use without 
revision of the preparation. For instance, in the matter of the protein content, 
it was found that when the proportion of protein to penicillin was maintained 
at 214 to 1, penicillin could be detected in body fluids, because of retarded 


degradation of the protein penicillin complex, for as long as ninety-six hours - 


after the injection which was as far as the tests were pursued. Under 
these cirecumstanees detectable blood levels were maintained for only twelve 
hours. However, when the proportion of protein to penicillin was reduced to 
1% to 1, detectable blood levels of a relatively high order were maintained for 
twenty-four hours (Fig. 4). Apparently the reduction in protein content re- 
sulted in release of the penicillin at a more rapid and even tempo. 
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The penicillin sustaining and/or enhancing properties of Tween 20 were 
also manifested in human subjects during the following series of experiments 
(Table IT) : 


1. Crystalline Na penicillin ‘‘g,’’ 500,000 O. U. in saline injected intra- 
muscularly gave no detectable blood levels at eight hours or thereafter. 

2. Crystalline Na penicillin ‘‘g,’’ 500,000 O. U. dispersed in 5 ml. of Tween 
20 and injected intramuscularly yielded sustained and enhanced effects for 
twenty hours. 

3. In this experiment the patient was given 5,000,000 O. U. of Na peni- 
cillin daily by continuous venoclysis. Control blood assays on this dosage 
schedule were 5 O. U. per milliliter of serum. Tween 20 was given orally, 10 


TABLE II. PENICILLIN SUSTAINING AND/OR ENHANCING EFFECTS OF TWEEN 20 IN HUMAN 
BEINGS 








BLOOD LEVELS 
OXFORD UNITS PER ML. OF SERUM 
EXPERIMENT 2 HR.| 4 HR.| 6 HR | 8 HR.| 12 HR |16 HR | 20 HR | 26 HR. 

Control—Na Penicillin G 1.0 0.012 0 0 

500,000 O.U. in saline 

im. 
Na Penicillin G 

500,000 O. U. in 

5 ml. Tween 20 i.m. 
Na Penicillin G 

5,(00,000 O.U. in 

saline 24 hr. continu 

ous i.v.; 50 ml, Tween 

20 orally in divided 

doses 
CH,O-Gel 500,000 O.U. 

orally; 50 ml. Tween 

20 orally in divided 

doses 











ml. every four hours for five doses. An enhancing effect was observed be- 
ginning four hours after and persisting for twenty hours after the last dose of 
Tween 20 when it reached a peak level of 35 O. U. per milliliter of serum which 
was seven times the control value. 

4. In the final experiment of this series, 500,000 O. U. of a protein penicillin 
complex were given orally in the morning on a fasting stomach. Ten milliliters 
of Tween 20 were given orally every two hours for the duration of the experi- 
ment. Therapeutic penicillin blood values were obtained throughout the entire 
sixteen hours of this test. 

Further studies were carried out with oral administration of formaldehyde- 
treated penicillin products. Data thus far indicate that detectable levels up to 
twenty-four hours have been obtained following oral administration of 300,000 
O. U. of the protein-penicillin complex with and without the conjoint use of 
Tween 20. As indicated by in vitro tests, the insolubilized protein-penicillin 
complex is gradually digested by trypsin which has no destructive influence on 
the slowly liberated penicillin.* These investigations are still being pursued in 


*The oral use of Tween yielded additional prolongation effects. This was probably 
achieved by retarding the excretion of penicillin in the manner previously suggested. 
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an effort to develop a consistently effective, predictable, long-acting medium for 
the oral administration of penicillin. 

The factors responsible for this prolonging and enhancing action of 
Tween 20 in both rabbits and human subjects are still being investigated, as 
are other facets of this problem. It is of interest to note that comparable studies 
with heparin show similar results; these will be presented later in detail. Studies 
thus far indicate that the Tween effect is not due to impairment of renal fune- 
tion in the usual sense. Tween 20 and a kindred compound (polyoxyalkylene 
derivative of mannitan monolaurate) were found to be innocuous in long-term 
feeding experiments in animals® and no toxic manifestations were reported fol- 
lowing its parenteral and oral use in human beings.’ No side effects were ob- 
served in human subjects after ingestion of capsules containing the protein- 
penicillin products or following Tween taken orally in divided doses totalling 
100 milliliters. 


SUMMARY 


Prolongation of serum penicillin levels were observed in rabbits end hu- 
man beings following single subcutaneous or intramuscular injections of 
formaldehyde-treated protein penicillin preparations. Significant sustaining 
and enhancing effects were noted following the administration of the insolubil- 
ized protein penicillin complexes or crystalline Na penicillin ‘‘g’’ suspended 


in Tween 20. The mechanism of this property of Tween 20 was investigated. 
Measurable penicillin levels were obtained in human subjects up to twenty-four 


hours following ingestion of a single dose of penicillin gel, alone or in combina- 
tion with Tween. Further studies are in progress with the ultimate objective 
of developing practical penicillin sustaining and enhancing products for sub- 
cutaneous, intramuscular, and oral use in human beings. 


The authors are indebted to Mr. Sidney Noble for technical assistance. 
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THE TURBIDIMETRIC ASSAY OF HYALURONIDASE 


SrpyLLeE Toiksporr, Pu.D., Marian H. McCreapy, B.A., D. Roy McCuLuacu, 
Pu.D., AND ERWIN SCHWENK, D.Sc. 
BLOoMFIELD, N. J. 


HE various methods suggested for the quantitative determination in vitro 

of the enzyme hyaluronidase are dependent on its property of hydrolyzing 
hyaluronic acid. During hydrolysis, the reducing properties of a solution of 
hyaluronic acid are increased, the viscosity is decreased, and as observed by 
Meyer and Palmer,' the ability of hyaluronic acid to precipitate with acidified 
protein is decreased. These observations served as the basis of the viscosity test, 
_ the mucin clot test, and the turbidimetric assay method for hyaluronidase 
activity. A comprehensive review of the entire problem of hyaluronidase and 
hyaluronic acid, including a discussion of the assay techniques, has been pre- 
pared recently by Meyer.’ 

The present investigation deals with the turbidimetric method of assay 
which has been developed by Seastone,* Kass and Seastone,* Leonard, Perlman, 
and Kurzrok,® and Dorfman and Ott.® We have studied various factors which 
might influence the sensitivity and accuracy of the assay in order to obtain op- 
timal conditions for hydrolysis and development of turbidity. On the basis of 
these studies it has been possible to devise a more satisfactory technique for the 
turbidimetrie assay of hyaluronidase and to define a unit for the enzyme. 


A. METHOD AND MATERIALS 


The principles of the assay technique used in the first part of this study were essen- 
tially those described by Meyer.2 Enzyme and substrate were incubated for thirty minutes 
at 37.5° C. in an acetate sodium chloride buffer at pH 6. Turbidities were then developed 
by diluting the system with pH 4.2 acetate buffer and adding acidified protein solution. The 
turbidities were read in a Summerson-Klett photoelectric colorimeter which had been 
standardized in terms of light transmission against a Beckman spectrophotometer. The 
Klett readings, obtained with a blue filter, can be expressed as percentage transmission for 
wave length 600: mu by using the following formula: % transmission = 94.53 — (0.197 x 
Klett reading.) The results of the assays were expressed in Turbidity-Reducing Units (TRU) 
tentatively defined as the amount of enzyme which will reduce the turbidity produced by 
0.2 mg. of hyaluronic acid to that produced by 0.1 mg. of hyaluronic acid in accordance 
with previous authors.2,4 This definition was used during the experimental part of this paper 
which led to the establishment of a new unit. 

Hyaluronie acid was prepared from human umbilical cords by a modification ot the 
method of Rogers.?7 Both sodium and potassium salts were used in these studies. Hyaluroni- 
dase was prepared from bovine testes by ammonium sulfate fractionation. Acidified pro- 
teins were prepared from various sources. Serum or plasma was diluted with 9 parts of 
0.5M acetate buffer at pH 4.2 and adjusted to pH 3.1 with 4N HCl. 


From the Biochemistry Department, Schering Corporation. 
Received for publication, July 29, 1948. 
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B. ENZYME-SUBSTRATE REACTION 


1. Influence of Sodium Chloride.—It has been noted that the apparent enzy- 
matic activity of testicular hyaluronidase depends greatly on the nature and 
concentration of the electrolytes present. In a given buffer system, sodium 
chloride of certain concentrations seems to have a specific accelerating influence 
on the velocity of this enzymatic reaction.” © * 7° We therefore studied the 
influence of sodium chloride on the activity of hyaluronidase. A preparation of 
enzyme was used which gives an assay of 27 TRU per milligram when in- 
cubated with substrate in 0.1M acetate buffer pH 6 containing physiologic 
saline (0.15M). Using pH 6 acetate buffer with varying amounts of sodium 
chloride, we found that the apparent units per milligram of hyaluronidase 
ranged from 5 in the absence of sodium chloride to 43 in the presence of 0.07M 
sodium chloride. At higher concentrations of sodium chloride the apparent 
enzymatic activity decreased. It is desirable that the assay values of the en- 
zyme should reflect the activity of the enzyme under physiologic conditions. 
Since physiologic salt solution (0.15M) gives very satisfactory assay values, this 
concentration of sodium chloride has been employed. 

2. Heat Inactivation.—In order to avoid further hydrolysis of hyaluronic 
acid after the thirty-minute period of incubation with hyaluronidase the re- 
action was stopped by immersing the tubes in a 60° C. water bath for ten min- 
utes. It was found that this temperature was sufficient to inactivate hyal- 
uronidase solutions. 


C. DEVELOPMENT OF TURBIDITY 


1. Stabilization of Proteins by Aging.—The assay method as originally pub- 
lished called for the use of horse serum as the protein indicator to measure the 
quantity of hyaluronic acid remaining after enzymatic hydrolysis. Our obser- 
vations indicated that the age of the protein solution was much more important 
than had been recognized by earlier workers.*»° We found that immediately 
after diluting fresh serum there was no consequential difference between the 
turbidity caused by a given amount of this serum with 0.1 mg. and 0.2 mg. of 
hyaluronie acid. Therefore, assays performed with freshly diluted serum will 
not have the desired degree of accuracy. It was noted, however, that after 
standing in the cold for some time, the same acidified serum would give greater 
turbidities with hyaluronic acid, and that the spread between the blanks also 
increased with time. The effect of aging over a period of three weeks was there- 
fore investigated. 

In this study we used, as the source of protein, freshly collected as well as 
commercially available horse serum, human serum obtained from healthy volun- 
teers and human plasma purchased from Cutter Laboratories. In a search 
for a more stable protein, we included in this investigation such purified pro- 
tein fractions as crystalline horse serum albumin prepared by the method of 
Svedberg and Sjogren,” erystalline egg albumin prepared by the methods of 
Cole’? and Longsworth and co-workers™ and Fraction V of bovine plasma albu- 
min, prepared by Armour Laboratories according to the method of Cohn.’* The 
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sera and plasma were diluted and acidified to pH 3.1 as mentioned. Crystalline 
horse serum albumin and egg almumin were dissolved in buffer containing 0.5M 
acetate, pH 4.2 and 0.1M mandelic acid as stabilizer’ at a concentration of 
10 mg. per milliliter and then adjusted to pH 3.1. With Fraction V of bovine 
plasma albumin, it was necessary to use a concentration of 20 mg. per milli- 
liter in order to get satisfactory turbidities. The solutions were kept at 5° C. 
during the period of study. 


Numerous assays of hyaluronidase were performed, using as indicators the 
acidified protein solutions: (a) made up freshly, (b) after standing in the cold for 
one week, (c) after standing in the cold for three weeks. These experiments 
are recorded in the left columns of Table I which includes the turbidities ob- 
tained with hyaluronic acid (0.2 mg. and 0.1 mg. blanks) incubated in the 
absence of enzyme, the difference A between the blanks, and the assay results 
in TRU per milligram. With locally collected horse serum, human serum, and 
Lederle horse serum, none of which contained a preservative, the spread be- 
tween the turbidities of the blanks increased progressively with age. At the 
same time, the apparent units per milligram decreased. Similar changes were 
observed to a lesser degree with Parke, Davis horse serum, pooled human plasma 
and erystalline horse serum albumin. It therefore appeared that these proteins 
were already partially stabilized.* On the other hand, the changes in the tur- 
bidities of the blanks obtained with bovine plasma solution aged in the cold for 
seven and twenty-qne days were most striking. Aging by this procedure failed 


to give sufficient stabilization of the protein reagent to assure uniform assay 
results. | 


Crystalline egg albumin proved to be so unstable under the conditions of 
our experiments that its use had to be discontinued. 


2. Stabilization of Proteins by Heating —Since aging in the cold did not 
fully stabilize the acidified proteins within a period of three weeks, an effort 
was made to accelerate the aging process by heating. The results are included 
in the right columns of Table I. Aliquots of the solutions used in the study 
on aging were heated to 100° C. on the days indicated in the table and used 
for assays. In several instances, the heated solutions were kept at 5° C. for 
seven and twenty-one days respectively and then used for assays. 

The results indicate that the heated proteins. gave considerably higher tur- 
bidity readings with hyaluronic acid (0.2 mg. and 0.1-mg. blanks) than ob- 
served with the unheated proteins. The differences between the turbidities of 
the blanks were much greater and showed less variation. The units per milli- 
gram calculated from these blanks were lower but much more constant (sce 
Table I). Protein solutions, once heated, gave the same turbidities and assay 
results with hyaluronic acid after standing in the cold for seven and twenty- 
one days respectively. It should be mentioned that the bovine plasma albu- 
min solutions had been stabilized by the improved heating technique described 
below which results in a lowering of the assay values. 


*Parke, Davis horse serum contained 0.4 per cent purified cresol and the human plasma 
contained 5 per cent dextrose and 1:15,000 phenylmercuric benzoate. 
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READINGS 


TURBIDITY 


1.—Influence of heat-stabilization of acidified plasma on _ turbidities obtained with 
hyaluronic acid. 
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Fig. 2.—Influence of heat-stabilization of acidified plasma on apparent enzymatic activity of 
hyaluronidase. 
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Because it is readily available to most investigators, all subsequent experi- 
ments have been carried out with human plasma. 

3. Time Factor in Heat-Stabilization—From the results obtained, it ap- 
peared that heated proteins were quite suitable for developing turbidities with 
hyaluronic acid. In order to further reduce the variations in the results, the 
heat stabilization of protein solutions was studied in greater detail. Human 
plasma diluted and acidified to pH 3.1 as described was chosen for this inves- 
tigation. In the previous experiments, the plasma had been brought to a boil 
directly on an electric hot plate. Since this technique may not be entirely 
reproducible, samples of plasma were heated under various controlled condi- 
tions and for different lengths of time. In all experiments, 50 ml. of diluted, 
acidified plasma were placed in each of six test tubes measuring 25 by 200 mm. 
In each instance, one sample of plasma was used: without heating and the other 
samples were heated for various lengths of time. In the first five tests (Table 
II) the tubes with the plasma were heated in a 2-liter beaker containing 1 liter 
of boiling water. The other tests were performed by immersing the tubes con- 
taining plasma in a large steam heated water bath. The second procedure 
appeared in general to cause more rapid heating. At the completion of various 
periods of heating, the tubes were removed from the bath and chilled. The pro- 
tein solutions were then used as indicators in the determination of hyaluronic 
acid. The data obtained from eight heating experiments are summarized in 
Table II and the averaged results are illustrated in Figs. 1 and 2. 

It can be seen from Fig. 1 that the unheated plasma proteins gave very 
low turbidities with hyaluronic acid. - After heating, however, the proteins 
precipitated more readily with the substrate and the difference in the turbidities 
of the two blanks increased with the length of time of heating. Fig. 2 repre- 
sents graphically the progressive decrease in the units per milligram under 
these conditions. The apparent enzymatic activity dropped sharply when 
plasma heated to 80 and 90° C. was used as a protein indicator. With pro- 
longed heating, however, the curve leveled off. It may be concluded that plasma 
heated at 99° C. for thirty minutes gives the most desirable results both in 
regard to the spread of the turbidities of the blanks and the accuracy of the 
assays. 

4, Influence of Hydrogen-Ion Concentration on Heat-Stabilization of Acidi- 
fied Proteins—Human plasma was diluted 1:10 with pH 4.2 acetate buffer, 
adjusted to hydrogen-ion concentrations varying from 2.5 to 4.2 and heated 
as described. Assays were performed using these protein solutions as indicators. 
The final pH of the solutions in which turbidities were developed was found 
to vary only from 4.12 to 4.18. 

Human plasma adjusted to pH 4.2 proved completely unsatisfactory in 
our hands, because it coagulated upon heating. In this connection it is interest- 
ing to note that diluted horse serum could be heated at pH 4.2 without coagu- 
lating. However, the blanks obtained with horse serum adjusted to pH 4.2 
were too low and too close together to give the greatest possible accuracy. 

The experiments carried out with human plasma at pH 2.5, 3.1, and 3.7 are 
shown in Fig. 3. Using plasma heated at these hydrogen-ion concentrations, 
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TURBIDITY READINGS 


3.0 Pp 35 


Fig. 3.—Turbidities obtained with hyaluronic acid and human plasma heat-stabilized at dif- 
ferent hydrogen-ion concentrations. 


“ 
° 
z 
a 
< 
co 
a 


TURBIDITY 





PLASMA 2 CONCENTRATION 40% 


Fig. 4.—Influence of plasma concentration on turbidities obtained with hyaluronic acid. 
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the blank values for both concentrations of hyaluronic acid showed a maximum 
turbidity with plasma heated at pH 3.1. Also, the spread between the blanks 
was at a maximum at this pH. This hydrogen-ion concentration may, therefore, 
be considered most suitable for stabilizing plasma proteins. The assay results 
for the hyaluronidase fraction used gave 33, 34, and 20 TRU per milligram 
with plasma heated at pH 2.5, 3.1, and 3.7 respectively. 

5. The Influence of Protein Concentration on the Turbidity produced by 
Hyaluronic Acid.—The turbidity produced in the assay procedure depends not 
only on the amount of hyaluronic acid but a'so on the amount of protein in the 
system. With this in view, we have added various concentrations of heat- 
stabilized plasma to hyaluronate in a buffer system identical to that used in 
the assay. The results are presented graphically in Fig. 4. Plasma was used 
at dilutions varying from 1:2.5 to 1:160 or 40 per cent to 0.625 per cent con- 
centrations. Curves are plotted of the turbidities obtained with these protein 
solutions and 0.1 mg. and 0.2 mg. of hyaluronic acid. In both instances, it 
was found that the turbidity reached a maximum and then decreased upon 
the addition of more plasma. Whether the decrease in turbidity in the presence 
of excess plasma is the result of alteration in particle dispersion or increased 
solubility of the precipitate is not known. The maximum turbidity using 0.2 mg. 
of hyaluronie acid is produced with plasma diluted 1:5; the maximum turbidity 
using 0.1 mg. of hyaluronic acid is produced with plasma diluted 1:10. 


D, SUBSTRATE 


1. Preparation of Hyaluronate From Umbilical Cords—Human cords were 
washed free of blood and collected under 2 per cent aqueous phenol. They 
were removed from the phenol solution, passed once through a meat grinder and 
twice through an Eppenbach colloid mill and weighed. Two and one-half kilo- 
grams of ground material were extracted three times for twenty-four hours 
with 9, 6, and 6 liters of 1 per cent aqueous phenol respectively. The crude 
hyaluronate was precipitated from the extracts in the form of a mucin clot by 
adding acetic acid to a concentration of 0.2 per cent. The precipitate was dried 
with alcohol and acetone and extracted with alkaline water at pH 8 (KOH or 
NaOH) at a concentration of 0.5 per cent. The extract was precipitated with 
144 volumes of denatured alcohol saturated with acetate, and dried. The alka- 
line extraction and alcohol precipitation were repeated once more. 

In order to remove the proteins still present, the second alcohol precipitate 
was dissolved in water at pH 8 to a concentration of 0.5 per cent and shaken 
with 5 per cent by volume of a 1:1 mixture of chloroform-butanol and centri- 
fuged. This procedure was repeated with fresh chloroform-butanol until no 
more protein was precipitated upon centrifugation. For further clarification, 
the solution was shaken with bentonite, centrifuged and precipitated with 2 
volumes of denatured alcohol to which sodium or potassium acetate was added 
in amounts sufficient to induce flocculation. The yield was approximately one- 
half gram per kilogram of ground cords. 
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TABLE III. ANALYTIC COMPARISON OF SUBTRATES PREPARED FROM UMBILICAL CORDS 





| ANALYTIC DATA 
N NA MOISTURE REL. 











Ss 
FRACTION | (%) (%) (%) (%) VISCOSITY* 
VIT-129-IV 3.52 ! ~ Neg. 9.22 10.98 
VIIT-3-IV 3.12 8. ~ Neg. 9.80 9.85 
ST1-35-IV 3.44 : ~ Neg. 10.40 5.44 
ST1-50-IV 2.45 _ 16.25 Trace 14.70 9.28 





*0.1 per cent solution in H2O, relative viscosity of water = 1.00. 


2. Properties of the Substrate——Analytice data for various substrate batches 
prepared from umbilical cords are given in Table III. The preparations were 
chemically similar, the average nitrogen was 3.13 per cent, the average potassium 
calculated as potassium sulfate was 10.1 per cent. The viscosities varied from 5.4 
to 11. The turbidities produced with stabilized plasma were all of the same 


04 A . . 4 -8 mg. SUBSTRATE 


Fig. 5.—Standard curve of four substrate preparations. 


magnitude but it has been our experience that the variations from batch to batch 
of hyaluronate are such that standard curves must be prepared for each batch. 
A standard curve obtained with 0.04 to 0.8 mg. of hyaluronate and a constant 
amount of human plasma stabilized at 99° C. for thirty minutes is demonstrated 
in Fig. 5. When plotted on semilogarithmic paper, the standard curve is S 
shaped as observed before by Meyer.” It gave a straight line for the turbidity 
readings between 250 and 125 which, in terms of light transmission, corresponds 
to a range of 45 to 70 per cent. The standard curves for all preparations were 
essentially parallel over the entire range. 








































TURBIDIMETRIC ASSAY OF HYALURONIDASE 


E. THE UNIT OF HYALURONIDASE 





Different batches of hyaluronate vary in purity and degree of polymeriza- 
tion and therefore may produce different turbidities at a given concentration. 
For assay purposes, these variations can be eliminated by using all substrate 
preparations at a standard turbidity rather than on a constant weight basis as 
originally suggested by Kass and Seastone.* 


The hydrolysis of hyaluronate proceeds as a monomolecular type reaction 








1 a 
expressed by the formula K = ‘a log ae 
those limits of substrate concentration which give a straight-line standard curve. 

The assay of hyaluronidase can be carried out on this portion of the curve by 

choosing an initial turbidity of 50 + 5 per cent light transmission or 200 to 250 , 
turbidity readings on the Klett instrument. Under the conditions of our assay a 
method as described below it is therefore possible to establish a unit for meas- : 
uring activity of the enzyme. One unit of hyaluronidase is defined as the 

amount which will hydrolyze one half of a quantity of substrate sufficient to ; 
cause a turbidity corresponding to 50 + 5 per cent light transmission. 


.* This relationship is true within 


F, ASSAY METHOD FOR HYALURONIDASE 





1. Preparation of Stock Solutions—(a) Two buffers are used, both made id 
from stock solutions of 0.5M sodium acetate and 0.5M acetic acid. One tenth “4 
M acetate buffer pH 6.0 is made by combining 3 ml. of 0.5M acetic acid, 97 ml. 
of 0.5M sodium acetate and 4.384 Gm. of sodium chloride and diluting to 500 is 
ml. with water. This gives a concentration of 0.15M sodium chloride. Half M te 
acetate buffer pH 4.2 is made by combining 130 ml. of sodium acetate with ‘ 
370 ml. of 0.5M acetic acid. The pH of the buffers should frequently be M4 
checked and adjusted if necessary. 4 
(b) Potassium hyaluronate is dissolved in the 0.1M acetate-sodium chloride 
buffer, pH 6.0. On the basis of the standard curve a concentration is chosen 
which in the assay will give a transmission of 50 + 5 per cent at a wave length of 
600 mp which corresponds to a turbidity reading of 200 to 250 in the Summer- 
son-Klett photoelectric colorimeter using a blue filter. For many preparations a 
of hyaluronate, this turbidity will be reached by using a concentration of 0.4 
mg. per 1.0 milliliter. Otherwise, the concentration of hyaluronate should be 
adjusted to give a turbidity reading of about 225. The solution is stored at 
5° C. and is warmed to room temperature before use. It can remain at 5° C. 
without changing, over a period of at least two weeks. 


(ec) Hyaluronidase is dissolved, at room temperature, in the pH 6.0 acetate- 
sodium chloride buffer. The concentration is chosen so that 1 ml. contains 
approximately 3 units. The enzyme solution is used immediately after being i 
made. 
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*In this formula, K = velocity constant, t = time, a = initial concentration of substrate, 
x = quantity of substrate “hydrolyzed during time <; 
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(d) Acidified protein solution is prepared by diluting human plasma 1 to 
10 with 0.5M acetate buffer, pH 4.2 and adjusting to pH 3.10 with 4N hydro- 
chlorie acid. This solution is distributed in 50 ¢.c. portions in test tubes meas- 
uring 25 by 200 milliliters. These tubes are placed in a boiling water bath. 
After the plasma reaches temperature equilibrium (99° C.), it is kept in the 
bath for thirty minutes, when it is immediately cooled to room temperature 
by immersion in ice water. The plasma can be kept in the cold for at least 
two weeks. 


2. Incubation of Enzyme and Substrate—Seven Klett tubes are set up 
for each assay as shown in Table IV. The solutions are mixed and the tubes are 


TABLE IV. Setup or TUBES FOR HYALURONIDASE ASSAY 








KLETT TUBE | SUBSTRATE SOL. | PH 6 BUFFER | ENZYME SOL. 
#1 mi. 


9 





o 
5 
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or 
or 
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immersed in a constant temperature water bath kept at 37.5° C. for thirty 
minutes. In order to inactivate the enzyme, the tubes are immersed in a 60° C. 
water bath for ten minutes. They are cooled to room temperature under run- 
ning water. As a rule, not more than three enzyme fractions and the blanks 
are assayed simultaneously (seventeen tubes). If more tests have to be per- 
formed, they are staggered in order to keep the time relations constant. 


3. Development of Turbidities—To each Klett tube are added 3 ml. of 
0.5M acetate buffer, pH 4.2, followed by 1 ml. of acidified human plasma treated 
as described. The contents of each tube are mixed and then allowed to stand 
at room temperature for thirty minutes. The turbidities are read in the Sum- 
merson-Klett photoelectric colorimeter with a blue filter or any other suitable 
instrument. The zero reading of the instrument is set with a tube containing 
1 ml. of pH 6 acetate sodium chloride buffer, 3 ml. of pH 4.2 acetate buffer 
and 1 ml. of acidified, stabilized human plasma solution. 

All Klett tubes are numbered permanently and their absorption which is 
variable is determined with the same mixture which is used to set the zero of 
the instrument. For the zero reading, only tubes with zero absorption are used. 
The readings of the seventeen tubes in the assay are corrected to zero absorption. 

4. Method of Calculation—The corrected turbidity readings are plotted. 
against concentration of enzyme. This gives a straight-line curve since the 
Klett instrument has a logarithmic ealibration. The enzyme concentration 
corresponding to the turbidity of the lower blank is read from the graph. This 
indicates the amount of enzyme containing 1 turbidity reducing unit. 


G. THE ACCURACY OF THE ASSAY 


In order to determine the error in this procedure, seventy-one assays were 
made on thirty-two different days by two different technicians, using the same 
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sample of enzyme. The mean value of all determinations was 27 TRU per 
milligram. The results were treated statistically and the standard deviation 
of a single observation is 1.0. The distribution of the assay results is shown 
in Fig. 6. 





” 
> 
< 
n” 
” 
<= 
w 
°o 
° 
r -4 


TRU PER mg. 
Fig. 6.—Distribution of seventy-one assay results. 


‘ CONCLUSIONS 


The assay method of Kass and Seastone* has been used with modifications 
by Leonard and associates’ and Meyer.? Recently, Dorfman and Ott® have pub- 
lished a eritical investigation of various phases of the turbidimetrice technique. 
Having used the turbidimetric method for several years in this laboratory, we 
find it important to emphasize the following points in order to clarify some of 
the discrepancies in the results obtained by different laboratories. 

The enzymatic hydrolysis of hyaluronic acid is greatly influenced by the 
nature and concentration of the buffers employed. We find that a suitable 
buffer is 0.1M sodium acetate, pH 6.0, containing 0.15M sodium chloride. This 
is close enough to the optimum salt concentration for hyaluronidase activity 
and measures the enzymatic activity under physiologic conditions. 

Since the accuracy of the method is dependent upon the length of time of 
hydrolysis, it is expedient, in performing large numbers of routine assays, to 
inactivate the enzyme after the thirty-minute incubation period. This ean 
readily be achieved by immersing the reaction tubes in a water bath of 60° C. 
for ten minutes. 

The turbidimetric method of measuring the amount of hyaluronic acid 
remaining after enzymatic hydrolysis is based on the interaction between hyalu- 
ronie acid and acidified protein. It has been mentioned by Seastone* and by 
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‘Leonard and co-workers’ that the age of the protein solution influences the 
development of turbidities. As we have shown, aging by rigidly standardized 
heating will insure reproducible and accurate results. The protein is denatured 
during the stabilizing process and as a result becomes more precipitable. This 
results in a greater turbidity when the protein reacts with hyaluronic acid. The 
slopes of the standard curves obtained with increasing amounts of hyaluronic 
acid and stabilized protein are much steeper than those obtained with unheated 
protein. This increases the difference in the turbidity of the two blanks and the 
accuracy of the assay. It is also important to age the proteins at the proper pH 
in order to obtain maximum turbidities. Under the conditions of our experi- 
ments, aging should be done at pH 3.1. 

In the present study, all assays have been carried out with hyaluronate 
prepared from umbilical cords. Different batches of substrate vary somewhat 
in their chemical and physicochemical properties and give different turbidities 
with acidified protein. For assay purposes, these variations can be eliminated 
by adjusting all substrate solutions to a standard turbidity. 

By utilizing the information collected during this study, it has been possi- 
ble to arrive at a method for the assay of hyaluronidase which is accurate, 
reproducible, and permits the definition of a unit without reference to a 
standard. 

SUMMARY 


1. Irregularities in the turbidimetrie assay of hyaluronidase have been 
demonstrated and traced to the protein employed in forming the turbidity 
with the substrate hyaluronic acid. 

2. Various proteins have been investigated and methods devised for their 
stabilization by heating under specified conditions. 

3. Other factors influencing the accuracy of the method have been studied. 

4. A study of the substrate has been made and methods of preparation and 
use have been described which give constant assay results from batch to batch. 

5. An assay method for hyaluronidase using heat-stabilized human plasma 
is described. 

6. A unit for hyaluronidase activity has been defined and discussed. 


The authors wish to thank Anne H. Kennison and James W. Cassidy for their assist- 
ance in this investigation. 
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SICKLE CELL DISEASE: STUDIED BY MEASURING THE SURVIVAL 
OF TRANSFUSED RED BLOOD CELLS 


Sueita T. E. CALENDER, M.D.,* James F. Nicket, M.D., anp 
Cart V. Moore, M.D., DepARTMENT OF INTERNAL MEDICINE, 
WASHINGTON UNIVERSITY AND Barnes Hosprtat, St. Louis, Mo., 
AND E. O. PowELu, Oxrorp, ENGLAND 


*HE investigations to be described in this report were designed: (1) to study 
the pathogenesis of the increased hemolysis in patients with sickle cell 
anemia; (2) to determine how sickle cell anemia and sickle cell trait erythrocytes 
differ in terms of survival time following transfusion; and (3) to search for 
evidence that forms of sickle cell disease intermediate between the anemia and 
the trait might exist. Survival of transfused red blood cells was measured with 
the Ashby technique of differential agglutination.1 | Observations were made: 
(1) on the survival of normal cells transfused into patients with sickle cell 
anemia; (2) on the survival of cells transfused from donors with the sickle cell 
trait and from donors with sickle cell anemia; (3) on the effect of high tensions 
of inspired oxygen on the survival of cells transfused from patients with sickle 
cell anemia; and (4) on the survival of sickle cell trait cells transfused into a 
subject with chronic cyanosis. The results clearly indicate that the abnormal 
hemolysis of sickle cell anemia is caused by an intraerythrocytie defect which 
makes the cells less able to stand the trauma of circulation. Trait erythrocytes, 
on the other hand, survive normally. 


METHODS AND EXPERIMENTAL CONDITIONS 


The modified Ashby technique of Dacie and Mollison2 was used for determining the 
nonagglutinable counts. Differentiation of transfused cells was made by either the ABO 
groups or the MN groups.t Counts were made from venous blood at frequent intervals fol- 
lowing transfusion, usually by two independent observers. Each observer took the average 
of at least four counts. In earlier experiments a crude measure of survival of transfused 
sickled cells in normal subjects was made by counting the percentage of sickle cells in sealed 
wet preparations of finger blood after forty-eight hours. Later, to insure full sickling, CO, 
was bubbled for twenty minutes through samples of venous blood kept under paraffin oil; the 
cells were then fixed with 10 per cent formalin in 0.85 per cent sodium chloride. Moist prep- 
arations were made from this blood and the number of abnormal forms found in 100 cells was 
counted. The absolute number of sickle cells was calculated from this figure and the total 
red cell count. Red blood cell pipettes and hemocytometer chambers were standardized by 
the United States Bureau of Standards. Wet preparations were used in Sherman’s test3 for 
the percentage of sickled cells in venous blood. 

Supported in part by the Philipp Hunkel Memorial Research Fund. 

Presented in part before the Twentieth Annual Meeting of the Central Society for Clini- 
cal Research, Oct. 31 and Nov. 1, 1947; abstracted in J. LaB. & CLIN. MED. 32: 1397, 1947. 

Received for publication, Aug. 1, 1948. 

*Rockefeller Fellow from the Nuffield Department of Medicine, Oxford, England. 

7We are indebted to Dr. A. S. Wiener for supplies of anti-M serum and Dr. E. Witebsky 
for some of the anti-A and anti-B sera. 


90 





i>) 
M 
< 
iS) 
TM 
— 
a 
J 
—] 
& 
oO 
q 
= 
a) 
oO 
— 
M 





a a Ro 
OND ApS saya ee oa a hg An EER fe 
tee 3 z - 





te mi teh aR Rae Ney 


*}X90} 99S ‘sjoquiAs 1904310 

“UOISNJSUBIY WOIJ SABP UT are (aAano 94} JO JuIod pus 9y}) "4 pue (s][90 pasnjsues jo TBATAINS JO 9UlT} BSvIIAe 9Y}) 2 
‘VUBYIUSIS Jou jnq s9[qQeID01dde aunyeaang *OI} B19 sjunoot 

“eyep peysiiqndun suios pue 1S19YIOM-OD PUB UMOIG puP ‘SSIOYIOM-O9 PUB JapUdTIeO Wo’ si[nseyt 

389} UBB ‘ST]90 B[YOIS pue [VPULLOUQY 








xo[ duro 
josuowuesiq! FT] W | “HH 8°0 co'F_ | SGT |41B4} aTyorg TL 
eIWeuR 
5F00°0 | €600°0 ; 1199 PIs] FL | A | ig °H 
(0) |é800°U : 30'F SHNYW09jSO! $9] A | OSH 
(0) |ZT10°0 :6'F einjoeld; OF | We] ‘°° 
7600°0/0800°0 einjoelg) GL) I | ‘H's 
0 |1600°0 [SULION; 6T | W /‘2L°V 
(+) |1800°0 Awozoo10sAH| OF | aT | UL Vv 
BIUIUB 
FS00°0|9800°0 T1199 8S) FL | A | is °H 
VIULOUB 

(0) |%200°0 T1199 AYIS| SS | T | “Ma 
BIuLoUB 
4000°0 |8800°0 199 ePIS| GZ] wT ‘LL 








4 
) 











€F'¢ | SCL |4reI] ofyatg WwW 
OF | SVL |41V4] apyaIg Ww 
9TH | SG |31B13 a[yaIg a 
LOE | TEL |yres3 afyors} oe | 
S8'P [PL |7re13 apyorg] WwW 
OE | SEL [ire apyorg al ee 








fo} [e) 


OO < gil fy 


One 
mesos 


























mOoONS CO 
BONN o!SO 






































9FT°0/8600°0 
0} 0} BINIEUB 


8.10 B 2 
~200°0|8200°0 ormorppoddy ITA syoalqns 9 1ouop yuVq poo[q [euMI0ON 








620°0/8800°0 
0} 0} 
0 |8200°0 syoofqns o[eu [euI0U F 
6£00°0 ,¢800°0 
0} 0} 
9600°0 |6200°0 sjyoofqns eTeuey [euMI0U F 
rT Le | Y, (eww | (‘0°90 SISONDVIG | adv | X4S | ANVN |(%)| (%) | (eww | (0°90 | SISONDVIG | aDV | XaS AIVVN 
/SNOIT|] OOT x8 |‘OLLAU| /SNOIT| OOT 
-TIW) |/*WD) “1IW) | /*ND) 
‘oaa | dH ‘Oau | dH 
IVAIAYAS JO SOMSINALOVYVHO LNAIdIOdY uONOG 

































































NOSTAVdWOD YOU NMOHY FAY OOTY IWWYION HLIA\ aasaa 
“SNVAL VININY O1NWOUHOOdAH HAIM\ SLOaraag aNV SLoarang LNalaIogy TVNYON NO SNOMVAMASAO SAOIATYG JO SLIASTY “*SISONVAQ 
OINOYH) HIIM ANQ ANV ‘VINANY TID AIMOIG HULIA\Y LNGILVG V ‘SLOULANG 'IVNYON OL NAAN STIAD LIVY, @IMOIG 40 GNV {VININY 
TWD TMOG HLA SINAMVG OLN] GasadsNvay, STIGQ aoo1g aay IVNYON 40 ‘IVAIANAG AO SOLLSIIGLOVAVHD ANV VIV OIDOIOLVING]T ‘I Wavy, 


92 CALLENDER, NICKEL, MOORE, AND POWELL 


Normal cells for transfusion were obtained from the Blood Bank of the Barnes Hospital. 
‘White donors were selected to insure absence of sickling. The blood was less than five days’ 
old when used. Donors with sickle cell anemia or the sickle cell trait were bled by one of us 
as needed for the experiments, and the cells were transfused within twenty-four hours, Acid 
citrate dextrose (A.C.D.) solution was used as the preservative and anticoagulant; super- 
natant plasma was removed immediately before transfusion. 

All of the patients with sickle cell anemia showed the characteristic clinical manifes- 
tations of the disease, an anemia, reticulocytosis, elevated icteric index, more than 30 per cent 
abnormal or sickled cells with Sherman’s test, and all have required repeated transfusions 
for support. 


SURVIVAL OF NORMAL CELLS TRANSFUSED TO A_ PATIENT 
WITH SICKLE CELL ANEMIA 


RECIPIENT T.J.,%, COL.,AGE 25, GROUP B, RH NEG. 
HG 6.3 GM; RBC 2,200,000/mm3 ; 
RETICS 22% 
SHERMAN TEST:39.8% ABNORMAL AND SICKLE CELLS 


DONORS NORMAL WHITE DONORS, O, RH NEG. 
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Fig. 1. 


‘«Normal’’ recipient subjects were patients in the hospital who were either hematologic- 
ally normal, in which case an equivalent amount of blood was removed immediately prior to 
the transfusion, or they were women with a moderate hypochromic or normocytic anemia who 
had recently had a hysterectomy for menorrhagia. They were all negative for the sickling 
trait. 

In the experiments involving continuous inhalation of oxygen, 70 to 80 per cent oxygen 
was given by an O.E.M. mask. An oronasal mask was used except at mealtimes when a nasal 
mask was substituted. The flow was kept at 7 to 8 liters per minute and a humidifier was 
used. A nurse was in constant attendance at the bedside to keep the mask properly adjusted. 


RESULTS 
I. The Survival of Normal Cells Transfused Into Patients With Sickle Cell 
Anemia.—Normal red blood cells were transfused into three different patients 
with sickle cell anemia. The results (Fig. 1, Table I) are in agreement with 
those of Altmann‘ in that the survival times of the transfused cells were normal. 





SICKLE CELL DISEASE 


SURVIVAL OF CELLS TRANSFUSED FROM A _ PATIENT 
WITH SICKLE CELL ANEMIA 


RECIPIENT 1.W., 9, COL., AGED 37, HYPOCHROMIC ANEMIA 
GROUP A RH+ HG 6.3 GM; 
RBC 3,170,000/mm5; RETICS 2% 
NEGATIVE FOR SICKLING TRAIT 


H.G.,d, COL., AGED 23, SICKLE CELL ANEMIA 
GROUP O RH+t HG 9.84 GM; 

RBC 3,510,000/mm5; RETICS 11.5% 
SHERMAN TEST: 44% ABNORMAL AND SICKLE CELLS 
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Fig. 2. 


SURVIVAL OF CELLS TRANSFUSED FROM A DONOR 
WITH SICKLE CELL ANEMIA 


RECIPIENT N.0.,%, COL., AGE 35, HYPOCHROMIC ANEMIA, 
: GRouPp B RH 


DONOR J.0.,d, COL., AGE 20, SICKLE CELL ANEMIA, 
GROUP O RHt HB 11.0 GM; 
RBC 3,280,000/mm3 ; RETICS 5.0% 
SHERMAN TEST: 44.5% ABNORMAL AND SICKLE CELLS 


SURVIVING DONOR CELLS (million/mm3) 
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Fig. 3. 


II. The Survival of Red Cells Transfused From Patients With Sickle Cell 
Anemia.—Very different results were obtained when the positions of donor and 
recipient were reversed (Figs. 2 and 3). Four normal subjects received blood 
from patients with sickle cell anemia. In each instance there was a rapid 
destruction of the majority of the transfused cells. The graphs of survival, 
however, differed from those found in conditions where there is indiscriminate 
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destruction of red cells, e.g. in patients with acquired hemolytic anemia trans- 
fused with normal cells.’ There was a rapid initial fall but the speed of he- 
molysis was not maintained and a small proportion of the sickle cells, varying 
from ease to case, tended to survive for a longer period. 


Fig. 4.—Unstained wet preparation of blood of normal recipient (A. Tu.) showing sickle cells 
transfused from a patient with sickle cell anemia (B. W.) about two weeks previously. 


Survival of the sickle cells was also studied by counts made on sealed moist 
preparations of finger blood. This method did not insure sickling of all potential 
sickle cells and, therefore, did not give a true measure of survival of the trans- 
fused cells. Sickling could, however, be demonstrated for about three weeks 
from transfusion (Fig. 4). 

One patient (G. P.), with sickle cell anemia, received blood from another 
girl (L. B.) with sickle cell anemia. The disappearance of the transfused sickle 
cells was comparable to that found in the normal recipient subjects; again there 
Was a suggestion of some selective destruction (Fig. 5). 

III. The Survival of Red Cells Transfused From Donors With the Sickle 
Cell Trait—When five healthy, Negro subjects having the sickle cell trait were 
used as donors, the results were in striking contrast to those obtained with blood 
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transfused from patients with sickle cell anemia (Table I). Four of five normal 
recipients showed normal survival of the transfused trait cells. Fig. 6 illustrates 
this result and shows also the close correlation between the nonagglutinable 
counts obtained by the Ashby technique and the number of surviving cells 
ealeulated from sickle cell counts made on venous blood samples treated with 
CO,. The cells from the fifth donor (A. H.) showed a slightly shorter survival 
time. The recipient in this instance did not report regularly for observations 
and the data are not entirely satisfactory. 

One of the donors (F. O.) with sickle cell trait gave blood on a second 
occasion for transfusion to the girl (H. Si.) with sickle cell anemia, previously 
transfused with normal cells. The two graphs of survival in this girl were 
strikingly similar. 

IV. The Effect of High Tensions of Inspired Oxygen on the Survival of 
Cells Transfused From Subjects With Sickle Cell Anemia.—The patient G. P. 
(vide supra) with sickle cell anemia was given a second transfusion with cells 
from another donor with sickle cell anemia (B. W.). This time inhalation of 
oxygen was started about two hours before transfusion and continued for ten 
days. Eighty per cent oxygen was used initially but this was reduced to 70 per 
cent on the second day. The results are shown in Fig. 7. Although destruction 
of transfused cells was abnormally rapid during the first ten days, it was slower 
than on the occasion of the previous transfusion. When oxygen was discon- 
tinued an acceleration in the cell destruction was indicated by an increase in 
the slope of the graph. The initial slope was about 0.029 day-?; after with- 
drawal of oxygen, 0.112. The difference is considerable, and the second figure 
compares well with the initial slope in another recipient (A. Tu.) receiving 
blood from the same donor (0.116).* Sickle counts made on venous blood 
samples at intervals by Sherman’s technique*® showed a reduction in percent- 
age of total abnormal plus sickle cells from 36.8 to 10.8 during oxygen inhalation 
and a corresponding reduction of true sickle cells from 22 to 0.8 per cent. As 
observed previously by Reinhard and co-workers,® the percentage of abnormal 
and sickle cells showed a rise after oxygen inhalation was stopped; in this in- 
stance the abnormal cells increased to 50.8 per cent and completely sickled cells 
to 39.0 per cent before returning to base line figures. 

Two similar experiments were planned using normal recipient subjects. 
The first of these (M. L.) tolerated oxygen somewhat irregularly for only two 
days. During this time the nonagglutinable count had shown little change, 
whereas subsequently there was a rapid disappearance of transfused cells. This 
cannot, however, be taken as a reliable experiment. The second normal recipient 
subject in this group (Z. R.) cooperated well. She inhaled 80 per cent oxygen 
for twenty-four hours after transfusion and then 70 per cent for an additional 


*Sometimes the inagglutinable counts are much more erratic than they are here; the 
configuration of the data might possibly have arisen from an unfortunate conjunction of 
random error. The following argument may, therefore, be made. If to the date are fitted 
any of the survival functions that have been proposed. under the hypothesis that the oxygen 
has had no effect, it is found on applying Jeffreys’ K test5.® that even for the 4-parameter 
equations K is less than 0.1. Thus it is highly improbable that the divergence of the data 
in question from the fitted curves is Cue to random and not systematic error. Further, it 
may be noted that the chance of the observed change in slope occurring just where it Coes, 
between say ten and thirteen days, and not elsewhere, is of the order of 0.1 if it is merely 
accidental. 
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eight days. There was no significant change in slope of the decay curve on 
withdrawing oxygen. But this does not necessarily mean that the oxygen had 
no effect. The slope of the first section was considerably less than might have 
been expected from a previous experiment with the same donor (0.043 day-? 
as against 0.058). 

V. The Survival of Sickle Trait Cells in a Subject With Chronic Cyanosis — 
An attempt to accelerate the disappearance of cells transfused from a donor 
with the sickle cell trait was made by giving a replacement transfusion to a boy 
with congenital heart disease (Eisenmenger’s complex) and extreme cyanosis 
(Table I). The arterial oxygen saturation was 80.5 per cent as compared with, 
a normal control of 95.5 per cent.* The survival time of the transfused cells 
did not differ from that found in normal recipient subjects. 

VI. Mathematical Analysis of Results—Transfusions of normal oni sickle 
trait blood into subjects with sickle cell anemia and of sickle trait blood into 
normal subjects have in each case led to a decay curve of a linear or gently and 
uniformly curved character having, with one doubtful exception, a rather well- 
defined end point near 120 days. Curves of this type are such as have been 
associated with transfusions of normal blood into normal subjects, and to make 
comparison quantitative, an equation of one of two forms has been fitted to 


*The authors are indebted to Dr. John C. Tinsley, Jr., for these determinations. 
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each set of data. For sensibly linear survival (i.e., curvature not significant in 
comparison with the errors of the data), the equation 


ey et oD * ; oe | 
was used; otherwise, 
N= N, (1-It) (1-Lf). - - - 
Here 
t = time (days) from transfusion 
N = donor cell count (millions/mm.*) at time ¢ 
N, = donor cell count at ¢ = 0 
L, = rate of loss of transfused cells by the normal ageing 
process (proportion of N, lost per day) 
Le a measure of the rate of loss of transfused cells by 
‘‘extrinsic’’ processes of destruction 


The genesis of these equations is given by Callender, Powell, and Witts® °; the 
second is an approximation to a more complex form, valid when the curvature 
is not great. Equation II becomes I when I, is zero. 

In Table I are set forth the values of the parameters L, and L, so obtained, 
and from each pair are derived three other quantities descriptive of the cor- 
responding survival curve, viz. : 

The average time of survival of the transfused cells, 
t: 


t~ 1/2L, _- L,/6L? 


The end point of the curve, 7, (days) : 

t = 1/L, 
The proportion of transfused cells lost to ‘‘extrinsic’’ processes 
of destruction, F,: 


F, = Let 


Donor A. H. was exceptional in that the rate of destruction of her cells was 
more rapid than usual, while still remaining linear. This has been found previ- 
ously only in pathologie conditions of the recipient (Brown and co-workers’), 
but as already mentioned, the data in this experiment were not entirely satis- 
factory. The other cases are within the range expected for normal subjects. 

The law of survival of sickle cell anemia cells is widely different from the 
normal. In the four cases we have investigated, the curves obtained were very 
uniform in character, consisting of (1) a sharp fall in the number of donor 
cells present for the first few days, followed by a transition to (2) a much 
slower and nearly linear fall to zero. The average life of the transfused cells, 
t, was short and the maximum time of survival, t., was also reduced. Both 
quantities differed considerably from ease to case. In Table II the values of 
t and 7, have been calculated from the equation (VI) developed below and fitted 
to the data; it should be noted that ¢ is not greatly dependent on the form of 
equation adopted—a good approximation can be obtained directly from the data. 
The values of the 7, are rather less certain, but if some of the transfused cells 
did in fact survive e.g. for the normal time, their number was too small to 
measure. 
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The evidence suggests that the red cells’ environment is normal in sickle 
cell anemia, and so the transfused cells should behave as they would have done 
if they had remained in the donor’s circulation. This is further supported by 
an experiment in which both donor and recipient were suffering from the anemia. 
(L. B. to G. P., Table II.) The relation given by Callender and associates® 
between the survival of transfused cells and the life span as measured from 
‘‘birth’’ may, therefore, be applied. If the chance that a cell will live for a time 
equal to or greater than 7 is ¢(7), then 


Ni fd 
»)H-. MSsa Se al la, ae 
or) =~ SLE yy 


where y(t) = N/N, so that y(0) = 1, N, is the donor’s red cell count, n is the 
rate of production of his cells per unit volume of blood, and N;/n is their true 
average life. This involves, inter alia, the dangerous assumption that n is rea- 
sonably constant for some time before the blood is drawn; but one cannot proceed 




















t— 
(a) 
Fig. 8.—(a) An idealised form of the survival curve of transfused sickle cells. (0b) and 


(c) Possible forms of ¢(7), the chance that a cell will live for a time 7 from its release into 
the blood stream. 


without it, and it has some support from the great similarity of all the survival 
curves in this group; if n has been widely variable, the similarity would have 
been a most improbable occurrence. Equation III asserts that, apart from a 
constant factor, g(r) is the derived curve of y(t). So if w(t) is of the form 
shown in Fig. 8,a (which is an idealised and sharpened version of the sickle cell 
survival curve) then y(7) is as shown in Fig. 8,b. Actually, however, because of 
its high slope and because the first few counts are usually erratic, the first sec- 
tion of the curve is so poorly determined that 9(7) might equally be of the form 
of Fig. 8,c. We shall in fact assume that the latter form holds; it may be written 
as the sum of a constant and a variable term. The latter we take for convenience 
to be exponential, and write 


g(r) = F + (1 - F) exp(-ler), + < 1. | 


= 0, T > Vs J ve - 


where exp(—L,7) is to be understood as a gross approximation to some function, 
initially 1, which falls to a small value in a time of the order of 1/Le. (7) then 
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y(r), contains four; a hyperbolic y like Fig. 8,a would require five in N. 

It is important to distinguish the situation here represented by equation 
IV from the one in which the cells are all equally subject to a nonselective 
random destructive process as well as a process of certain destruction if they 
reach the age tg. For then 


g(r) = exp(-Iy7), +r < ie 
— 0, tT > Te 


exp(—L,t) — exp(—Lerta) 


and hence y(t) = N/N, = 1 — exp(-Ly7,) 


bet Basins sane 





(This is the exact form of equation IT.) 


o L, exp (—L,t) 


<a 1 — exp(—Leta) 


Now if L, is large, Pe is large and exp(—-L,7.) is very small as they are in 
transfusions from patients with sickle cell anemia, but the y(t) of equation V 
approaches 0 closely long before t = 74, and y’(7a) is also very small. There- 
fore the uniform slope of the last portion of the sickle cell anemia survival curve 
cannot be accounted for by the operation of a highly active, constant, nonselec- 
tive hemolysis. 

We return then to equation IV. It admits of two simple interpretations: 

(a) All the red cells have a potential life-span 7,. This is less than the 
normal value and differs from case to case. But in addition they have some in- 
herent deficiency which is gradually corrected as their age increases; many are 
as a consequence destroyed at an early age, but some survive to attain the age zz. 
F is the fraction which do so survive and L, is a measure of the rate of destruc- 
tion of those which do not. 

(b) The red cells leaving the marrow of the donor are of variable quality. 
A fraction F live for the same time 7, and after transfusion give rise to the 
linear tail of the survival curve; 1 — F are more labile and are more or less 
rapidly destroyed in a time whose average value is of the order of 1/Lc. 

The second of these interpretations is the more likely, especially as the red 
cell cannot be regarded as a living organism. The existence of a small compo- 
nent of random cell destruction, normal in women, has here been neglected; the 
data are in any ease insufficient to allow of its separate estimation. 

In order to obtain an equation suitable for fitting to the survival —_ of 
sickle cell anemia cells, we integrate IV and find 
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contains three parameters, F, L, and 7a, and so N which is an integral of 
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_(In these expressions terms containing the factor exp(-L,7.) have been sup- 
pressed since in our application L,7, is never less than 5 and exp(-5) ‘= 0.007 
only). The results of the fitting are given in Table II. The goodness of fit is 
satisfactory, and from the values of a, B, y and L, have been calculated the same 
three quantities as before: 


The average time of survival of the transfused cells, ¢: 


as y/Le — a? /2B 





at y 
The end point 6f the curve, ta: 


Tq =-2@ 
The proportion pe res Lah eells of abnormally short life; 
those we have represented as destroyed by an exponential 
hemolytic process, F, : 

F, = y/(a+ y) 


F, is also the proportion of cells of the short-lived type in the 

donor’s cireulation, 1 — F, the proportion surviving to age 7a. 
In this short series no well-defined correlation of survival time with the blood 
picture of the donors is evident. 

There is however an interesting regularity in the values of F,; they range 
only from 0.65 to 0.70, and so to the present degree of accuracy F, can be re- 
garded as constant.. With so few examples to draw from it would be unsafe to 
read any physiologic significance into this; rather it suggests that cnly two and 
not three variable parameters are necessary in the expression of »; three and 
not four in N. Equations IV and VI are thus perhaps unnecessarily complex, 
but we have so far no real guidance as to how they should be modified. 


DISCUSSION 


These results indicate clearly that the increased hemolysis in sickle cell 
anemia is a function of the abnormal erythrocyte itself; there is no evidence that 
hormonal or erythrophagie factors are directly responsible. Similar conclusions 
have been reached by Singer, King, Robin, and Jefferson in independently con- 
ducted studies.7° It seems likely that the abnormal shape of the sickled cell 
makes it less able to tolerate the trauma of circulation. Compatible with this 
explanation is the in vitro demonstration by Diggs and Bibb’! that cells from 
patients with sickle cell anemia, when shaken in an atmosphere of carbon dioxide, 
hemolyse more readily than do normal cells so treated. Shen, Castle, and 
Fleming”? obtained similar results with blood from one patient with sickle cell 
disease. It is not entirely clear whether this patient had the trait only or the 
active disease ; presumably the former as the hematocrit was 44 per cent. 

One of us (J. N.),7° in an extensive study of the susceptibility of red cells 
to mechanical trauma, has repeatedly confirmed this finding of decreased re- 
sistance of sickled cells, and has shown, furthermore, that such cells are normally 
resistant when fully oxygenated and in the form of biconcave dises. 

One would expect, therefore, that if intravascular sickling could be reduced, 
the rate at which cells from patients with sickle cell anemia are destroyed would 
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be decreased. The earlier observations of Reinhard and co-workers,® showing 
with the Sherman technique that intravascular sickling is decreased when pa- 
tients breathe 70 to 80 per cent oxygen, were again confirmed in the experiments 
described herein. It is not surprising, therefore, that erythrocytes transfused 
from a patient with sickle cell anemia seemed to survive longer in one of the 
subjects who breathed high concentrations of oxygen. We are unable to corre- 
late this observation with the fact that intravascular hemolysis as measured by 
‘otal urobilinogen excretion did not seem to be decreased in patients with sickle 
‘ell anemia during periods of oxygen inhalation. The urobilinogen methods 
may not have been sensitive enough to detect the relatively slight decrease in 
rate of destruction. 

Previous workers have suggested that ease of sickling is a function of the 
age of the cells because they observed that nucleated red cells and reticulocytes 
appear to sickle less readily than do other erythrocytes.’? ‘475 However, if 
sickling is mainly a function of age, the life expectancy of all cells in sickle cell 
anemia should be reduced. Instead, the graphs of survival of the transfused 
sickle cell anemia erythrocytes show that there is a tendency for a proportion of 
the cells to survive almost normally. 

Case 3 of Singer and associates’® in which blood from two donors with sickle 
cell anemia was given to one subject with sickle cell trait shows a similar type 
of graph. This was interpreted as being due to admixture of blood from a severe 
and a milder form of the anemia. Our data suggest an alternative interpreta- 
tion, namely that while most of the cells are constitutionally more susceptible to 
sickling and remain so until they are prematurely destroyed, others are born 
more resistant and remain so throughout their existence. According to this 
hypothesis, sickle cell trait might be regarded as the extreme example of a state 
in which all the cells are constitutionally more resistant to sickling. 

There are other reasons for thinking that the difference between sickle cell 
anemia and the trait is qualitative. (1) In patients with the trait, there are 
fewer circulating sickied forms’ even though most of the cells must be older than 
in sickle cell anemia. (2) Transfused trait cells survive normally in spite of 
their average greater age and their ability to sickle. (38) When trait cells are 
completely sickled by exposure to CO, and then subjected to mechanical trauma, 
they are much less readily destroyed than are anemic cells under similar cireum- 
stanees.’° It is difficult to interpret the experiment in which no accelerated de- 
struction of trait cells occurred when they were transfused into a young boy with 
chronie cyanosis from congenital heart disease. That result may be another 
indication of the resistance of trait cells to sickling and to abnormal hemolysis. 
On the other hand, the oxygen tension may have to be lowered to 18 mm. mer- 
cury® before sickling occurs and it may well be that such low tensions were never 
reached in this boy’s circulation in spite of his cyanosis. 

If the difference between the two types of sickle cell disease is caused by a 
qualitative difference in the erythrocyte structure, it is easier to understand why 
no entirely satisfactory, clear-cut examples of forms intermediate between the two 
have been described. In these studies a search was made for evidence that there 
might be a continuous spectrum in the behaviour of cells transfused from sub- 
jects with sickle cell disease ranging from the severe anemia through milder 
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forms to the trait. With the one exception provided by an unsatisfactory experi- 
ment (subject A. H., Table I), however, there was a sharp distinction between 
the survival graphs of cells transfused from patients with the anemia and those 
with the trait. 

SUMMARY AND CONCLUSIONS 


The Ashby technique of differential agglutination has been used to study 
the survival of transfused cells in relation to sickle cell disease. 

Normal red blood cells tra.isfused to three patients with sickle cell anemia 
showed a normal survival time. 

Red cells from patients with sickle cell anemia transfused to normal re- 
cipient subjects and others with sickle cell anemia showed a shortened average 
time of survival. 

Red cells from healthy donors with the sickle cell trait transfused to normal 
recipient subjects and a patient with sickle cell anemia showed a normal sur- 
vival time. 

Oxygen inhalation reduced the rate of destruction of transfused sickle cell 
anemia cells in one patient with sickle cell anemia. Such an effect was not seen 
in one normal recipient. The survival time of sickle trait cells given to a boy 
with chronic cyanosis was normal. 

The findings indicate that the defect in sickle cell anemia is inherent in the 
red blood cell. There is evidence to suggest that sickling is not, as has been 
thought, a function of age of the cell but that the cells in sickle cell anemia vary 
constitutionally in their liability to sickle. It is suggested that the difference 
between the anemia and the trait is qualitative and not simply one of degree. 
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USE OF THYMOL TURBIDITY AS LIPID ABSORPTION TEST 


EXPERIENCES WITH THYMOL TURBIDITY AND ZINC SULFATE TURBIDITY TESTS 
UNDER PHYSIOLOGIC AND PATHOLOGIC CONDITIONS 


Hans Popper, M.D., Pu.D., FREDERICK STEIGMANN, MLS., M.D., 
Hattie DyNnrewicz, Pu.C., AND ALvIN DusIn, M.S. 
CuicaGo, ILL. 


HYMOL turbidity’ results from an interplay of several factors. These are: 

(a) reduction of serum albumin,?»* (b) inerease of either the gamma” ® * 
or beta*t globulin fraction or more probably of lipid-protein complexes electro- 
phoretically migrating with the latter? and/or (c) increase of lipids,” ° especially 
phospholipids.* An incidental observation that the thymol turbidity increases 
significantly in normal dogs after meals suggested that the "influence of ingested 
lipids or substances promoting lipid absorption upon thymol turbidity be in- 
vestigated in normal subjects and in patients with various diseases. For com- 
parison, the effect of lipid intake upon the blood total lipids, phospholipids and 
zine sulfate turbidity was studied. The latter was recently described by Kunkel® 
as an index of serum gamma globulin concentration. 

This study was planned to supply information as to whether the thymol 
turbiditiy could be adopted as a test for lipid absorption. It also provided 
additional observations as to the differential diagnostic value of thymol and 
zine sulfate turbidity in liver disease. 


MATERIAL AND METHOD 


Blood specimens were obtained from 471 patients. Some of them suffered from liver 
diseases as confirmed by a series of liver function tests and/or liver biopsies. Others had 
various other internal diseases. A third group was admitted to the hospital for conditions 
not internal in nature, for example fractures, simple hernia, small lacerations (control pa- 
tients). On all specimens, the thymol turbidity was determined according to Maclagan.1 
It was expressed in units derived from a curve calibrated with barium sulfate.7? In 114 cases, 
determination was made of the turbidity which developed after dilution of the serum with a 
buffered 2.4 mg. per cent zine sulfate solution? and in sixty cases after dilution with either the 
phenolbarbital buffer or distilled water alone. In five patients, determination was also made of 
the total sevum lipids according to Boyd8; and of the phospholipids as phosphates according 
to Fiske and SubbaRow® after extraction according to Bloor.10 The determination of the 
thymol turbidity was repeated in 165 cases, three and six hours following the ingestion of 
various lipids and/or 6 Gm. of choline hydrochloride in elixir form.* In some patients the test 
was performed after the intake of different types of lipids. The turbidity produced by serum 
dilution with zine sulfate, distilled water or a buffer solution was also measured in a smaller 
number of cases after lipid intake. The repeat determinations were made three and six 
hours after lipid intake because of previous experiences with vitamin A tolerance curves.11 
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_In confirmation of this, the maximal elevation of the thymol turbidity was found between 
three and six hours in five experiments in which blood was drawn hourly for six liours. The 
difference between the fasting level and the highest level after ingestion of lipids (maximal 
rise) was expressed as absolute difference or in per cent of the prelevel, respectively. For 
the analysis of the prevalue in the different clinical conditions, only the first determination 
on each patient was utilized. For determination of statistically significant differences the 
T value was determined according to the following formula: 





- x’ (Nw, — 1) .h, -— 1) 


CS. faa, 
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N, - N. - 2 


mean of one sample 
mean of second sample 
number in first sample 
number in second sample 
pooled standard deviation 
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A T value above 2.5 indicated a statistically significant difference. 

In ten cases the thymol turbidity was determined before and after lipid intake on sera 
(1 ml.) extracted once or several times with 5 ml. of petrol ether or ethyl ether; similarly on 
sera (1 ml.) to which 20, 40, or 100 mg. of heparin were added, respectively, and on plasma 
from heparinized blood. 

RESULTS 

Thymol and Zinc Sulfate Turbidity in Various Pathologic Conditions.—The 
thymol turbidity varied in control patients from 0.5 to 6.9 units with an average 
of 2.1 (Table I). In only four instances was it above 4 units, which is usually 
considered as the upper limit of the normal. The average was slightly higher in 
patients with nephritis, heart disease; cachexia, infections and malignant tumors 
other than those of the biliary tract. In the latter three groups, the range ex- 
tended occasionally into highly abnormal values. The average in gastrointes- 
tinal diseases was in the pathologic range; however, the statistical difference 
from the normal was not significant. Nonjaundiced patients with fatty livers 
(established by liver biopsy) had a normal turbidity. The average turbidity in 
acute hepatitis with jaundice was markedly elevated, the difference being statis- 
tically impressive. In only 7.9 per cent of the 126 cases of hepatitis was the 
turbidity below 4 units; however, some of these patients had almost completely 
recovered. The average in the nonicterie patients with cirrhosis was somewhat 
lower than in those with acute hepatitis though the difference from the norm 
was still statistically significant. In only 20.5 per cent of the nonicteric patients 
with cirrhosis was the turbidity below 4 units. The results in patients with 
cirrhosis with jaundice simulated those of acute hepatitis; only 12.9 per cent had 
a turbidity below 4 units. The cases of cirrhosis (with or without jaundice) 
which had a normal thymol turbidity were not necessarily less active than those 
with a high turbidity. In the biliary type of hepatitis produced by prolonged 
extrahepatic biliary obstruction, the average was only slightly elevated. Never- 
theless, the difference from the normal was just statistically significant; a turbid- 
ity above 7 units was found in only 11.5 per cent. In the purulent type of 
hepatitis in which extrahepatic biliary obstruction was complicated by bacterial 
infection of the portal triads, the average turbidity was definitely above normal. 
The statistical difference from the normal was quite significant. In this group 
of seventeen cases, only in two was the turbidity normal and in five it was below 
7 units. 
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TABLE I. AVERAGE LEVEL, RANGE AND STATISTICAL SIGNIFICANCE OF ABERRATION FROM 
NORMAL OF THYMOL AND ZINC SULFATE TURBIDITY IN HOSPITAL CONTROLS AND 
PATIENTS WITH VARIOUS DISEASES 























THY MOL TURBIDITY ZINC SULFATE TURBIDITY 
T VALUE ‘! VALUE 
IN COM- IN COM- 
PARISON PARISON 
NUMBER] IN UNITS WITH HOS-|NUMBER| IN UNITS WITH HOS- 
OF PITAL CON-| OF PITAL CON- 
DIAGNOSIS CASES |AVERAGE RANGE] TROLS CASES | AVERAGE RANGE] TROLS ‘a 
Control patients 64 2.1 0.5-6.9 33 7.9 1.9-18.8 
Nephritis 4 2.5 1.6-3.9 0.1 3 2.6 0.5-4.0 0.9 
Heart diseases 8 2.9 0.5-7.0 0.4 2 10.7 = 5.3-16.1 0.4 
Cachexia 13 2.9 0.9-7.1 0.5 8 14.9 5.3-22.6 1.9 
Infections 16 See 0-827 0.7 2 14.6 9.9-19.2 1.0 
Malignant tumors 10 os Lt-t3.3 1.0 5 14.3 3.1-41.6 1.4 
without involvement 
of the biliary tract 
Gastrointestinal 6 5.2 0.7-17.4 1.4 4 14.8 3.4-31-6 1.4 if 
diseases 3 
Fatty livers 6 3.4 1.0-5.3 0.6 0 
Acute hepatitis 126 11.7 1.3-29.2 12.4 15 17.8  6.3-53.2 3.4 k 
Cirrhosis without 39 6.3 1.2-17.4 4.1 12 14.9 5,.0-25.2 2.2 
jaundice 
Cirrhosis with 91 10.1 1.3-36.8 9.7 15 21.2 2.4-59.2 4.5 
jaundice 
Biliary hepatitis 69 4.5 0.6-14.6 2.8 13 766 2:7-17.0 0.2 
Purulent hepatitis 17 13.0 3.5-25.5 7.8 2 4.5 4.0-5.0 0.2 



























The zine sulfate turbidity revealed in normal subjects an average of 8 
units; it was above 10 units in five out of thirty-three cases. Slightly higher 
values were obtained in patients with heart disease. An average of about 15 
units was obtained in infections, cachexia, gastrointestinal diseases, malignant 
tumors, and cirrhosis without jaundice. In patients with acute hepatitis and 
especially in cirrhosis with jaundice the average elevation was even higher. 
This elevation was statistically significant. In 20 per cent of patients with acute 
hepatitis and in one-third of those with cirrhosis and jaundice the zine sulfate i 
turbidity was below 10. units. In both forms of secondary hepatitis (biliary i 
and purulent) the average turbidity was normal, being above 10 units in only 

13.3 per cent of such cases. 


Influence of Intake of Various Lipids Upon Thymol Turbidity.—After the 
intake of almost every type of lipid, the thymol turbidity rose moderately in 
control patients, but only slightly in patients with liver disease (Table II). The. 
zine sulfate turbidity rose also but far less than the thymol turbidity when ex- 
pressed in percentage of the prevalue. Thymol flocculation was not produced 4 
by administration of any of the lipids. The highest rise was encountered after ‘7 
intake of 50 Gm. of butter. Some orientation experiments showed that the 
addition of 6 Gm.'of choline to 50 Gm. of butter produced an even higher rise 


easy an 
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of the thymol turbidity than butter alone. Therefore, the effect of butter, y 
butter with choline, and choline alone was compared in another series of pa- if 
tients with various diseases (Table III). Butter and choline produced usually ; i 
a greater elevation of the thymol turbidity than butter alone. However, this i 
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did not occur in all cases. Choline alone elevated the thymol turbidity sig- 
nificantly less than butter with choline or butter alone. The response of the 
thymol turbidity to butter and choline intake, alone or together, was far less 
marked in patients with liver disease. 


TABLE Il. INFLUENCE OF ADMINISTRATION OF VARIOUS LIPIDS UPON THE 
TiuYMOL TURBIDITY 








HOSPITAL CON fKOL PATIENTS WITH 
PATIENTS LIVER DISEASE 
AVERAGE MAXIMAL RISE AVERAGE MAXIMAL RISE 


NUMBER | | IN % OF | NUMBER | IN % OF 

SUBSTANCE AMOUNT | OF CASES | IN UNITS |PREVALUE| OF CASES | IN UNITS | PREVALUE 
Butter av Gin. 21 3.2 151.0 10 1.3 22.8 
Egg yolks 4 10 1.6 106.8 13 2.8 37.2 
Cholesterol 5 Gm. 2.2 57.3 2 1.4 34.4 

Lecithin 30 Gm. 
Cod-liver oil 30 e.c. 
Vitamin A in oil 100,000 
Vitamin A in aque- 100,000 

ous dispersion 

Corn oil 50 e.e. 
Corn oil plus lecithin 50c.c. 
plus 

30 Gm. 
Corn oil plus choline 50c.c. 
plus 

6 Gm. 
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TABLE III. COMPARISON OF THE RISE OF THYMOL TURBIDITY FOLLOWING ADMINISTRATION OF 
50 GM. or BUTTER WITH AND WITHOUT 6 GM. CHOLINE AND OF 6 GM. CHOLINE ALONE IN 
PATIENTS SUFFERING FROM VARIOUS DISEASES 








BUTVER & 
CHOLINE BUTTER CHOLINE 
MAXIMAL 
RISE IN 
UNITS MAXIMAL RISE IN UNITS MAXIMAL RISE IN UNITS 
NUM- | | T VALUE IN T VALUE IN 
BER COMPARISON COMPARISON 
OF | AVER- AVER- WITH BUTTER WITH BUTTER 
DIAGNOSIS |CASES| AGE | RANGE | AGE | RANGE |AND CHOLINE 1 | RANGE |AND CHOLINE 

Normal sub- 20 4.2 1.3-9.8 2.9 0.7-6.5 2.1 A 0.3-3.1 4.9 
jects and con- 

trol patients 
Acute hepatitis 4.5 Ge 2.8 1.5-3.8 : .! 1.9-4.4 
Cirrhosis ‘ 2-0.9 0.3 0.1-0.4 : : 0.3-1.3 
Obstructive 3-0. 0.2 0.2-0.2 : 0.1-0.2 

jaundice 


























Influence of Intake of Butter and Choline Upon Blood Lipids and Tur- 
bidity Tests —The thymol turbidity, phospholipids and total lipids rose in 
three control patients, the maximum elevation occurring three hours after the 
intake (Fig. 1). The zine sulfate turbidity rose to a lesser degree. The slope of 
the rise was the steepest in the thymol turbidity, less in the serum phospholipids, 
and still less in the total lipids. All four factors rose insignificantly in the two 
patients with cirrhosis. In one control patient, the difference between the 
response to butter and choline, on one hand, and butter or choline alone, on the 
other hand, (previously described for the thymol turbidity) was mirrored by 
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the phospholipids, but not by the total lipids or the zine sulfate turbidity (Table 
[V). In the two patients with cirrhosis (only one recorded in Table IV) the 
rise in all instances was insignificant and did not permit comparison. 





Thymol Turbidity Zine Sulfate Lipid Phosphorus |} Total Lipid in 
in Units Turbidity in mg/l00 cc Serum} gm/l0dcc Plasma 
in Units 


| —— Hospital control 


4 ----Patients with 
liver disease 




















Hourso | 23 45 612 354 5 


Fig. 1—Response of thymol turbidity, zinc sulfate turbidity, serum lipid phosphorous and 
plasma total lipids to the intake of 50 Gm. of butter and 6 Gm. of choline. 


TABLE IV. COMPARISON OF THE RISE OF THYMOL TURBIDITY, ZINC SULFATE TURBIDITY, SERUM 
LIPID PHOSPHORUS AND TOTAL LIPIDS AFTER ADMINISTRATION OF 50 GM. BUTTER TOGETHER 
WITH 6 GM. CHOLINE AND AFTER BUTTER OR CHOLINE ALONE IN A HOSPITAL CONTROL 
AND IN A PATIENT WITH CIRRHOSIS 








CONTROL PATIENT | CIRRHOSIS 
| MAXIMAL RISE AFTER MAXIMAL RISE AFTER 





ADMINISTRATION OF ADMINISTRATION OF 








PRE- |BUTTER+ PRE- |BUTTER+ 

TEST VALUE |CHOLINE|BUTTER|CHOLINE; VALUE | CHOLINE] 8UTTER| CHOLINE 
Thymol turbidity in units 2.3 4.8 3.5 1.0 3.2 0.7 0.5 0.2 
Zine sulfate turbidity in 4.7 2.0 2.2 1.7 11.2 1.2 1.0 0.6 
units 
Lipid phosphorus in 9.2 5.1 : : 6.5 0.6 Oe = 00% 
mg/100 ¢.e. serum 
Total lipids in gm./100 0.77 , 20 * pal 0.98 0.04 0.05 0.05 
c.c. plasma 








Response of Thymol and Zinc Sulfate Turbidities to the Simultaneous 
Intake of 50 Gm. Butter and 6 Gm. of Choline in Various Pathologic Con- 
ditions.—The rise of the thymol turbidity in control patients was on the average 
3.1 units or 237.4 per cent. The rise was below 1 unit in only three out of 
thirty-nine instances. (Table V.) The same response was found in neurologic 
conditions and in a few eases of nephritis. The rise in thymol turbidity was 
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TABLE V. MAXIMAL RISE OF THE THYMOL AND ZINC SULFATE TURBIDITY IN HOSPITAL 
: CUNTROLS AND PATIENTS WITH VARIOUS DISEASES FOLLOWING THE INTAKE OF 
50 GM. BUTTER AND 6 GM. CHOLINE 








MAXIMAL RISE IN ZINC SULFATE 
MAXIMAL RISE IN THYMOL TURBIDITY TURBIDITY 
NUM- T VALUE | AVER- | NUM- AVER- 
BER FROM AGE BER AGE 
OF IN UNITS HOSPITAL IN OF IN UNITS IN 
DIAGNOSIS CASES/AVERAGE RANGE |CONTROLS % CASES|AVERAGE RANGE 0 


Control patients 39 3. 4-8. 237.4 12 2.8 0.7-6. 
Neurologic diseases 11 : 2-6, : 107.4 10 A 
Cardiac diseases 8 : 0-2, ; 68.1 2 : : 
Infections 16 a; re ; 58.0 2 ‘ : 
Carcinoma without 10 Ne 3: : 41.0 5 : 
involvement of 

biliary tract 
Wasting diseases 
Gastrointestinal 

diseases 

Nephritis 

Acute hepatitis 

Cirrhosis without 

jaundice 

Cirrhosis with 

jaundice 

Obstructive 

jaundice 








8 
-5.6 
0-2.2 
-1.4 
-1.6 





significantly less in patients with infections, carcinomas (other than those involv- 
ing the biliary tract) and cardiac or wasting diseases, the average being around 
1 unit. The smallest response was noted in gastrointestinal diseases in which the 
turbidity rise was only about 0.6 unit. The response was also depressed to a 
statistically significant degree in liver diseases with the exception of acute 
hepatitis. If expressed in per cent, the lack of rise was especially marked in 
liver diseases in view of their elevated prevalues. In patients with acute 
hepatitis, who usually had a high prevalue, the absolute rise was nearly normal, 
but the percentage rise was almost the lowest recorded. The rise was slight, 
whether comparisons were made in units or percentages, in cases of cirrhosis 
with jaundice and in obstructive jaundice. This was so despite frequent 
elevation of the prevalues. In general, a rise below 1.5 units suggested an 
aberration from the normal. Elevations of less than 1.0 unit pointed to a 
pathologie condition. As a general trend, low fasting levels of the thymol tur- 
bidity were associated with a significant response to administration of butter 
and choline. Patients with high fasting levels showed, as a rule, little response 
(Fig. 2). An exception to this was noted in acute hepatitis in which an almost 
normal response occurred in face of a high fasting turbidity. Another exception 
was seen in gastrointestinal disturbances in which both fasting level and response 
were low. 

The zine sulfate turbidity responded similarly to the thymol turbidity, but 
its rise was less marked whether in units or in per cent of the preliminary 
value. The low turbidity readings of serum dilutions with either distilled 
water or sodium barbital-barbital buffer without thymol were only slightly 
(not over 0.2 unit) if at all influenced by lipid intake. 
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0 = Hospital Controls 

X = Neurologic Diseases 
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4= Acute Hepatitis 
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Fig. 2.—Plot of the thymol turbidity before lipid administration with the maximal rise 
following administration of 50 Gm. butter and 6 Gm. choline in hospital controls and patients 


suffering from various diseases. 
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Administration of Butter and Choline 


Fig. 3.—Influence of adding of heparin to the serum or extracting it with ethyl ether 
upon the thymol turbidity in a hospital control and a patient with acute hepatitis before and 
after administration of 50 Gm. butter and 6 Gm. choline. 
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Influence of Inpid Solvents Upon Thymol Turbidity—As observed in at 
least twenty-five cases of each group, the thymol turbidity, normal or elevated 
due to either disease or intake of butter and choline, was not altered by ex- 
traction of the serum with petrol ether, but was markedly reduced by extraction 
with ethyl ether (Fig. 3). The thymol turbidity was reduced in serum to which 
heparin was added as well as in plasma from heparinized blood independently 
of pathologic or postprandial elevation. This reduction was augmented by 
increasing the amount of heparin used or repeating the ethyl ether extraction. 


DISCUSSION 

The diagnostic value of the thymol turbidity test, reported by many in- 
vestigators,” 1*-?° has been confirmed in this study. The turbidity was occasion- 
ally elevated in various conditions with possible secondary involvement of the 
liver, for example general infections, malignant tumors and gastrointestinal 
diseases; however, it was regularly and markedly elevated in acute hepatitis. 
It remained normal in patients with fatty livers. In cirrhosis with jaundice 
the turbidity was usuaily slightly lower, and in cirrhosis without jaundice, it 
was markedly lower than in acute hepatitis. In contrast, extrahepatic biliary 
obstruction, even of prolonged duration, usually revealed a normal turbidity. 
This difference was especially noticeable if the border line was drawn at 7 units. 
However, if a bacterial infection involved the portal triads, for example cholan- 
gitis, complicated extrahepatic biliary obstruction (purulent hepatitis’’), the 
thymol turbidity became markedly elevated, as a rule, to over 7 units. The 
difference between elevated thymol turbidity in primary hepatitis or cirrhosis 
and normal turbidity in extrahepatic biliary obstruction even with liver damage 
is of practical importance.*' ‘his difference holds true only in the absence of 
bacterial infection of the portal triads.'® 

The demonstrated difference in the results of the thymol turbidity test in 
various conditions is apparent in the mean or in a statistical evaluation of a 
larger number of cases but may not necessarily hold true for individual patients. 
Thus, a normal thymol turbidity may occasionally be found in hepatitis or 
cirrhosis with marked jaundice when other hepatic tests are abnormal. Con- 
versely, the thymol turbidity may be elevated in extrahepatic jaundice and even 
in diseases not primarily hepatic such as rheumatoid arthritis.** 7° 

Elevation of the zine sulfate turbidity was found not only in hepatie diseases 
but to almost the same degree in other inflammatory and neoplastie eonditions 
with little or no liver damage. In contrast, it was normal in the eases of extra- 
hepatic biliary obstruction. This latter observation, if confirmed on a large 
number of eases, would make this test of great value in the differentiation be- 
tween extrahepatic biliary obstruction and primary hepatitis and cirrhosis. The 
significance of the zine sulfate turbidity test thus appears to lie in its failure to 
rise in extrahepatic jaundice. The zine sulfate turbidity was especially high 
in cirrhosis. As a rule, markedly elevated zine sulfate turbidity in face of only 
moderately elevated thymol turbidity suggests cirrhosis. On the other hand, 
high thymol turbidity with moderately elevated zine sulfate turbidity speaks for 
an acute hepatitis. 
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The transient rise of the thymol turbidity after lipid intake (especially 
after butter and choline) may have diagnostic significance because it parallels 
the rise of the blood total lipids and especially of the phospholipids. That the 
postprandial rise of the thymol turbidity is due to serum phospholipid elevation 
is also indicated by the high phospholipid concentration of the precipitate pro- 
cueed by adding thymol to serum. This hypothesis is also supported by the 
oyservation that choline, which is essential in lecithin formation, may enhance 
the effect of butter ingestion upon the thymol turbidity and the serum phos- 
pholipid level. Furthermore, the administration of choline alone increases the 
thymol turbidity. 

The rise of the thymol turbidity after butter alone may result from a com- 
bination of fats with phospholipids during absorption,?* *° although such a 
combination is still controversial.2> Increase of the butter effect by choline 
could be ascribed to a role of choline in the fat transport through the intestinal 
wall,?® 27 similar to the function of choline. in fat mobilization from the 
liver.22: 26, 29 

The elevation of the thymol turbidity induced by fat ingestion and the 
spontaneous elevation in pathologie conditions like acute hepatitis are equally 
lowered by ethyl ether but not by petrol ether extraction of the serum.’ Both 
elevations are equally depressed in vitro by heparin which is known to abolish 
visible lipemia, at least in vivo.*® *t | That does not necessarily imply that the 
increase in the thymol turbidity in liver diseases is primarily due to a lipid 
factor. Thus, Kunkel and Hoagland? have shown that at least in some stages 
of acute hepatitis the thymol turbidity elevation depends primarily on protein 
changes. , 

The response of the thymol turbidity to the administration of butter and 
choline can be considered as an index of intestinal lipid and most probably 
phospholipid absorption. The rise is only slight in many conditions in which a 
disturbance of fat absorption can be expected as in gastrointestinal or in severe 
wasting diseases. Poor response may be found in obstructive jaundice or in 
hepatie diseases, for example cirrhosis, which have a high spontaneous thymol 
turbidity. Such a minimal rise is not necessarily caused by liver damage as 
such, in view of the almost normal response in infectious hepatitis. It is more 
likely due to associated gastrointestinal disturbances. The response of the 
thymol turbidity to lipid intake represents thus a technically simple test for 
intestinal lipid absorption which may be of diagnostic value. 


SUMMARY 


In confirmation of previous reports, the thymol turbidity test was found 
elevated in acute hepatitis, less so in cirrhosis with and without jaundice. It 
was normal in patients with fatty livers without jaundice, slightly elevated in 
obstructive jaundice without infection of the biliary tract but elevated when 
bacterial infection was present. Occasionally, elevation was found in diseases 
without apparent liver involvement, while in rare instances of even severe 
primary liver cell damage the turbidity was normal, 
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The zine sulfate turbidity was found elevated in liver diseases and in 
inflammatory or malignant conditions in general but was normal in cases of 
extrahepatic obstructive jaundice. Therefore, a low zine sulfate turbidity is 
of great diagnostic importance. The ratio between thymol and zine sulfate 
turbidity is of practical significance in the differentiation of acute hepatitis and 
cirrhosis. 


Administration of various lipids raised the thymol turbidity. For this 
purpose, 50 Gm. butter given together with 6 Gm. choline are especially efficient. 
The rise of the thymol turbidity was parallel with that of the serum phospho- 
lipids, but less so with that of the total plasma lipids and the zine sulfate tur- 
bidity. Butter or choline alone usually produced a less marked rise than butter 
and choline together. 


The spontaneous elevation of the thymol turbidity produced by pathologic 
conditions as well as the rise caused by the intake of lipids is equally reduced in 
vitro by adding heparin to the serum or by extracting serum with ether but not 
with petrol ether. The rise in the thymol turbidity after the ingestion of fat was 
markedly depressed in gastrointestinal diseases, obstructive jaundice and cir- 
rhosis. The depression in wasting diseases was of lesser degree. In acute in- 
fectious hepatitis the postprandial rise was almost normal. The response of the 
thymol turbidity to the intake of butter and choline may serve as a simple 
clinical test of intestinal absorption of fat. 
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THE BOUND GLUCOSAMINE OF SERUM MUCOID IN DIABETES 
MELLITUS; FLUCTUATIONS OBSERVED UNDER THE 
INFLUENCE OF INSULIN 


Henry R. Jacoss, M.D. 
EVANSTON, ILL. 


ANY authors have speculated upon the metabolic disorder associated with 

the carbohydrate defect in diabetes mellitus. This paper presents data 

obtained in a study of the concentration of glucosamine in the blood of diabetic 
and other patients. 

Glucosamine is thought at present to occur in blood in the form of a 
polysaccharide composed of acetylglucosamine, mannose and galactose, bound 
to a protein molecule of the plasma; the whole complex is termed a mucoid, or a 
seromucoid.: Ordinary methods of precipitating plasma proteins, as by salting 
out or by treating with alcohol, coprecipitate the seromucoids with the albumin 
and globulin. A useful way of separating them is to acidify the plasma slightly 
and then to heat it briefly’: the albumins and globulins coagulate promptly, 
leaving the serum mucoids in the clear liquid. 


METHOD 


A few simple preliminary studies sufficed to devise a process for routine preparation 
of blood samples for this preliminary survey. The following procedure was used. One 
milliliter of oxalated plasma was mixed with 3 ml. of 0.01N HCl in a 15 ml. conical centrifuge 
tube. The tube was placed in a boiling water bath for three to four minutes while its contents 
were kept in motion. Coagulation occurred rapidly. The tube was then cooled and centrif- 
ugated. The supernate was removed and placed in a 5 ml. glass ampul, and the ampul sealed 
with a blowlamp. The sealed ampul was heated in a boiling water bath for twenty-four hours 
to liberate glucosamine from the polysaccharide complex. 

Color was produced according to the method of Elson and Morgan,? following the 
additional directions of Palmer, Smyth, and Meyer.3 The following reagents are required 
(all should be kept in icebox) : 


1. Two per cent acetylacetone in 0.5N Na.CO, Add 0.2 ml. acetylacetone to 10 ml. 
0.5N Na,CO,, and dissolve by shaking. Prepare fresh every day or two. 

2. p-Dimethylaminobenzaldehyde reagent. The substance must be purified before use.2, 3 
Dissolve 0.8 Gm. in 30 ml. aldehyde-free alcohol and add 30 ml. concentrated HCl. 

3. Aldehyde-free alcohol. This is prepared by distillation of absolute alcohol after treat- 
ment with Ag.O and sodium hydroxide, and diluting to make 95 per cent. 

4. Glucosamine standard. Twice-recrystallized glucosamine HCl is dissolved in water 
saturated with chloroform to make 20 mg. per 100 milliliters. 


The sealed ampul was opened after twenty-four hours of heating and the contents were 
filtered. One milliliter of the filtrate was placed in a test tube marked at 10 milliliters. One 
milliliter of the acetylacetone reagent was then added, and the sides of the tube were washed 
down with 1 ml. of water. A standard was set up in the same manner, using 1 ml.*of the 
standard solution. A blank was made using 1 ml. of water, but otherwise treated exactly as the 
test and standard mixtures. The tubes were heated in a boiling water bath for fifteen minutes, 
then cooled. Approximately 2 ml. of aldehyde-free alcohol were added to each tube, following 
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which 3 ml. of p-dimethylaminobenzaldehyde reagent were added to each. Then aldehyde- 
free alcohol was added to each tube to the 10 ml. mark; the contents of each were mixed 
thoroughly; and all were set aside for forty-five minutes for the colors to develop, and for 
bubbling to cease. 


Color comparisons were made in a Coleman spectrophotometer. A wave length setting 
of 535 was found to be most sensitive to the color, and was therefore used throughout. The 
blank solution was first employed to establish the blank value, after which the standard ; 
and the test solutions were measured in the machine. The glucosamine content of the test q 
sample was read from a calibration curve previously established for the instrument and for 
the method through a range of known glucosamine concentrations from 5 to 100 mg. per 
cent. The standard solution served to verify this curve each time in the neighborhood of 
20 mg. per cent. Whenever the test sample showed unusually high values, it was customary 
to repeat the determination after diluting the original filtrate enough to bring the con- 
centration well below 40 mg. per cent. 

In passing, it should be mentioned that the method employed was designed to measure 
the glucosamine that is easily separable; hence the values found represent only this portion. 
More drastic methods of hydrolysis and use of whole plasma will doubtless give higher 
values for ‘‘total’’ glucosamine. 
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Fig. 1.—A scatter-diagram to show the correlation between blood glucose and blood : 
glucosamine in nondiabetic and in diabetic subjects. This diagram presents the data given in 3 
the tables. 


RESULTS 










Three hundred and seventy-eight determinations were made upon 250 sub- 
jects. It was soon obvious that plasma glucosamine followed the blood sugar 
level, and that the findings of greatest interest would be made upon diabetie 
blood. In the tables, the data are separated into two categories: diabetic and 
nondiabetic. The examples offered were selected because blood sugar determina- 
tions were made with the glucosamine studies; those left out had no blood sugar 
determinations, but the glucosamine levels were not unique in any way. The 
values offered in the tables appear in the seatter-diagram (Fig. 1). 
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TABLE I. PLASMA GLUCOSAMINE CONTENT AND BLoop SuGAR LEVELS IN NONDIABETIC SUBJECTS 








GLUCOSAMINE GLUCOSE 
SEX AND AGE (MG. %) (MG. %) CLINICAL STATE 
0-9 mg. per cent 
83 Cholelithiasis; icteric index 7.0 
105 Hypertension 
83 Functional bowel distress 
99 Incisional hernia 
91 Chronic hypertrophic arthritis 
96 Heart block 
80 Acute appendicitis; W.B.C. 15,000 
86 Cellulitis of left axilla 
10-19 mg. per cent 
F 84 ; 99 Glomerulonephritis 
M 40 ; 86 Ulcerative colitis 
18 ! 94 Generalized peritonitis; W.B.C. 12,400 
F 69 : 99 Myocardial infarction 
49 a 99 Cholelithiasis; icteric index 7.2 
F 33 13.$ 83 Pregnancy; fibroid tumor 
F 40 : 98 Hypothyroidism 
74 dD. 85 Carcinoma of pancreas 
F 75 5. 100 Hypertension; senility 
F 49 5. 77 Urethral polyps 
F 63 84 Hypothyroidism 
39 106 Catarrhal jaundice; icteric index 13.1 
M 29 81 Pilonidal abscess 
M 41 83 Glomerulonephritis 
M 85 ; 95 Generalized arteriosclerosis 
64 89 Méniére’s syndrome 
F 24 8] Herpetic iritis 
40 9% Suspected amebiasis 
38 92 Chronic mastoiditis 
79 Prostatic hypertrophy 
20-26 mg. per cent 
87 Atypical pneumonia 
100 Acute back strain 
94 Acute bronchitis; hypertrophic arthritis 
93 Emphysema 
86 Menopausal bleeding 
84 Prostatic hypertrophy 
97 Psychoneurosis 
87 Arteriosclerotic heart disease 
116 Multiple sclerosis 
98 Hypertensive cardiovascular disease 
99 Chronic cervicitis 
116 Hypertensive cardiovascular disease 
27 mg. per cent and over 
123 Arteriosclerosis; cholecystitis 
106 Carcinoma of prostate with metastases 
156 Tubal pregnancy; sulfadiazine 3.4 mg. % 
95 Adenocarcinoma of prostate 
133 Prostatic hypertrophy 
96 Hypertensive cardiovascular disease 
121 Skull fracture 
116 Hypertensive cardiovascular disease 
135 Prostatic hypertrophy 
101 Fracture; arteriosclerosis 
114 Pelvie abscess 
105 Prostatic hypertrophy 
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TABLE II. PLASMA GLUCOSAMINE CONTENT AND BLOOD SuGAR LEVEL AMONG 
DIABETIC PATIENTS 








GLUCOSAMINE GLUCOSE 
SEX AND AGE (MG. %) (MG. %) 
F 52 63.3 226 3/1 
43.2 167 3/8 
52.8 168 3/9 
40.3 141 3/11 
23.0 133 2/4 
19.3 119 2/5 
19.3 135 2/16 
37.5 132 3/3 
27.4 132 3/5 


ney 53 2/27 
48.0 164 3/8 


27.4 100 2/25 
13.9 87 2/27 


48.0 160 3/9 


22.9 110 2/24 
21.8 68 3/4 
23.0 106 3/9 


63.3 296 2/24 
67.0 284 2/25 
30.5 98 2/26 
48.8 183 3/2 
24.1 98 3/4 


12.8 120 2/9 





73.1 308 2/25 


86.9 303 3/4 
80.5 136 2/24 
48.8 175 2/27 
29.2 154 3/10 


32.5 118 2/3 
26.0 124 2/4 
30.5 132 2/5 
24.1 143 2/6 
28.6 138 2/7 


29.2 167 2/5 

33.9 221 2/6 

29.8 209 2/11 
24.1 112 2/12 
16.5 94 2/16 
15.7 118 2/19 
21.1 97 2/24 
42.5 129 2/26 


7.4 48 2/12 
43.2 270 2/18 


41.7 279 2/9 

27.4 197 2/11 
44.8 248 2/16 
41.7 220 2/17 
15.0 84 2/18 
12.8 94 2/19 
23.0 116 2/24 
28.0 125 2/26 
24.1 135 2/27 


(Continued on following page.) 
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TABLE II—ContT’pD 








GLUCOSAMINE GLUCOSE 
SEX AND AGE (MG. %) (MG. %) 


F 39.6 196 2/26 
F ; 35.3 133 3/11 


F 18.1 56 3/4 
44.0 160 3/8 
36.7 133 3/9 
18.1 75 3/10 


5.9 58 2/27 
29.2 119 3/1 
30.2 98 3/3 


54.7 209 3/2 
48.0 191 3/4 
47.5 168 3/10 


44.8 317 1/20 


68.0 286 2/24 
20.5 87 2/27 


270 1/21 


132 3/11 
94 3/15 


190 2/24 
331 2/25 
91 2/27 
185 3/9 
312 3/15 


284 8:30 A.M. 
179 10:30 A.M. 
114 12:30 P.M. 
124 2:30 P.M. 
288 4:30 P.M. 
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The nondiabetic group was composed of 151 individuals, and their 
glucosamine levels ranged through the following concentrations: 


GLUCOSAMINE LEVEL NUMBER OF INDIVIDUALS 
1.7 to 10 mg. per cent 29 
11.0 to 20.0 73 
21.0 to 26.0 37 
27.0 and above 12 
Although it is not possible to establish a ‘‘normal’’ range of glucosamine 
levels from this study because no normal subjects were included, it seems likely 
that normal values by this method will lie in the neighborhood of 15 to 25 mg. 
per cent. The lowest value found was 1.7 mg. per cent; the highest among the 
nondiabeties, 52.8 mg. per cent. Perhaps the only observation to be considered 
at this time is that the level seems to rise with age. Several patients under 
treatment with sulfadiazine gave levels above the normal, but the disease being 
treated may have been partly responsible for the effect. The high incidence of 
neoplasia and of cardiovascular disease in the group having the highest 
glucosamine levels among the nondiabetic subjects perhaps depends as much 
upon the advanced age of the subjects as upon their diseases. 
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The diabetic group (Table II)* was composed of forty-three individuals, 
f which twenty-six appear in the table. All were in the Hospital under treat- 
ment. Those left out resembled those shown in all essential respects. Two 
features are noteworthy: glucosamine levels far higher than occur among non- q 
diabetic subjects are frequently encountered, and glucosamine levels parallel 
»lood sugar levels with remarkable consistency. Glucosamine levels above 40 
mg. per cent are unusual among nondiabetic subjects, yet they are common in { 
jiabetic subjects. Levels as high as 90 to 95 mg. per cent have been observed 
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Fig. 2.—The response of blood glucosamine to insulin in a diabetic subject. The graph 
shows how both blood glucose and blood glucosamine fall after a dose of insulin in a youn? 
diabetic subject (F 17 of Table II). Note also that glucosamine rises with glucose as the in- 
sulin effect disappears. ° 


in uneontrolled diabetes. The remarkable parallelism between glucosamine and 

olucose levels which is evident in Table II is not unvarying; divergences occur 

frequently enough to indicate that two phenomena are involved. Dissociation is 

often observed during insulin effect: the fall of glucosamine frequently lags 

behind the fall of blood sugar. 
Glucosamine is obviously responsive to insulin. A single experiment was 

performed (F 17 in Table II) in which blood sugar and glucosamine were 

measured every two hours after an adequate dose of insulin had been given. 

Within four hours the blood sugar fell from 284 to 114 mg. per cent, and during 

that interval glucosamine dropped from 81.6 to 36.0 mg. per cent. Four hours 

later the blood sugar had risen again to 288 mg. per cent, and during that time 

the glucosamine rose to 56.2 mg. per cent. The correspondence is shown in the 

graphs in Fig. 2. 
The association of glucosamine level with age of subject mentioned earlier } 

in discussing nondiabetic data is not apparent among diabetic subjects; very high 

levels are encountered at all ages, and so are low levels after insulin. The ab- 

sence or presence of control of the diabetic state overshadows all other possible 

effects on the plasma glucosamine level in diabetic subjects. 





*Mostly patients of Dr. Arthur R. Colwell. 
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DISCUSSION 


The experiences described in this paper indicate that the mucopolysac- 
charide of the mucoid fraction of blood plasma which yields glucosamine 
after mild acidic hydrolysis is somehow involved in the diabetic defect, and that 
it responds to insulin in roughly the same manner as glucose itself as far as the 
direction, speed, and magnitude of the response is concerned. The only earlier 
report to be found, that of West and co-workers,* states that glucosamine in 
diabetic blood is not elevated. These workers used another and more drastic 
method of hydrolysis, and they employed whole serum directly. 

Nothing is known about why the mucopolysaccharide under discussion 
should appear in greater amounts in uncontrolled diabetes. Many substances 
appear in greater amounts under that circumstance, and many of them are 
responsive to the effect of insulin. A recent general theory of the function of 
insulin® postulates that the glucose anomaly in diabetes is but one manifestation 
of insulin deficiency; perhaps the phenomenon described in this paper is an- 
other. 

SUMMARY 


1. A procedure is given by which easily separable serum mucoid glucosamine 


was studied. 
2. Representative data for nondiabetic and for diabetic subjects are 


offered. 
3. Insulin seems to exert a pronounced effect on the level of glucosamine 
found by the method described. 
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DIBUTOLINE AS AN ANTIDOTE FOR DIISOPROPYL 
FLUOROPHOSPHATE POISONING IN MICE 


CLoicE H. Biaatns, M.D. 
Loma LinpA, CALIF, 


HE toxicity of diisopropyl fluorophosphate (DFP), an anticholinesterase 

agent, has been described by a number of authors. The early reports which 
established the mode of action and toxicity of DFP are not generally available 
but are quoted in several published articles. Scholz’ reported that topical appli- 
cation in the eye could produce death in rabbits which resembled eserine poison- 
ing. McNamara, Koelle, and Gilman? and also, Modell and Krop* pointed out 
that DFP, an anticholinesterase, is toxic by a combination of nicotinic and mus- 
earinie actions. No single drug is known which will protect from both of these 
actions. Atropine provides various degrees of protection against the muscarinic 
effects of DFP or the closely related dimethyl fluorophosphate in cats, rabbits, 
and mice.” +4 Jn eats and mice this antidote is moderately effective since the 
musearinie action is the dominant one. It is much less effective in the rabbit 
where the nicotinic effect predominates. These same authors reported that mag- 
nesium sulfate counteracts the nicotinic effects of DFP. Salts of calcium, 
aluminum and gold, according to Modell, also have some ‘‘anti-nicotinie action.’’ 
Magnesium sulfate alone seldom prevented death in the animal administered 
DFP, but when it was combined with atropine the combination gave greater 
protection than either drug alone. Whereas it was to be expected that the com- 
bination of two anticholinesterase agents would increase the toxicity, Koster® 
found that this was not true when physostigmine was administered before DFP. 
Physostigmine protected from a subsequent lethal dose of DFP. DFP given 
before physostigmine increased the toxicity of physostigmine. This seemingly 
paradoxical result was further studied and explained by Koelle® who classified 
nineteen other anticholinesterase agents for their protective action against DFP. 

Acetyl-beta-methylcholine protects mice from inhaled dimethyl fluorophos- 
phate but not from parenteral injections. This protection apparently is due to 
local action on the respiratory tract which alters the rate of absorption of the 
inhaled drug.* 

Seeking a less drastic cycloplegic agent than atropine for ophthalmologic 
use, Swan and White’ synthesized a series of choline esters which have blocking 
rather than stimulating effects on the parasympathetic system. Dibutoline® 
(dibutyl-urethane of dimethyl-ethyl-B-hydroxyethyl ammonium sulfate) was 
found to be the most suitable compound of the group. The general pharma- 
cology of dibutoline has been studied by Featherstone and White® and by 
Peterson and Peterson’? who have definitely established the blocking action on 
the parasympathetic system. Pfeiffer’ has suggested that the atropine-like 
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_action of dibutoline may be due to a similar umbrella-like spacial arrangement 
of prosthetic groups in the molecule. 

The similarity of action of dibutoline to atropine raised the question as to 
whether dibutoline would have a protective effect against DFP. The preseni 
study is an attempt to evaluate dibutoline as an antidote for DFP poisoning.. 


EXPERIMENTAL METHODS 


Three groups of mice, averaging 25 grams each, were obtained and used for the study.* 
Mice from each of these groups were given intraperitoneal injections of fresh DFP solution 
in Ringer’s solution so prepared that the desired dosage of drug would be contained in 
0.5 ¢.c. of solution. After the responses of a number of unprotected mice were observed, 
various dosages of atropine or dibutoline were given to other mice. One minute later these 
mice were injected with the same dosage of DFP used previously. 

Control groups of mice were injected with various doses of dibutoline or atropine alone. 
When death occurred it was usually within thirty minutes, but any death within one week 
was assumed to be due to the medication. 


RESULTS 
The sensitivity to DFP varied in the different groups of mice, but each 
group in itself was quite consistent. In animals of the first group DFP 0.125 mg. 
per animal produced a mortality of 38 per cent. See Table I. When atropine 
0.02 mg. per animal was administered one minute before the DFP the mor- 
tality was reduced to 12 per cent. This same dosage of atropine alone did not 
appear to affect the mice in any untoward way. 


When dibutoline 2.5 mg. per animal was injected alone it was found to 
cause 100 per cent mortality within ten minutes. As the dosage of dibutoline 
was decreased, the percentage mortality was decreased until with 0.313 mg. per 
animal no deaths occurred. While dibutoline 1.25 mg. per animal alone 


TABLE I. THE COMPARATIVE RATES OF PROTECTION PROVIDED FOR DFP By DIBUTOLINE 








NUMBER OF DRUG (MG. PER 25 GM. NUMBER OF PERCENTAGE 
MICE ANIMAL) DEATHS MORTALITY 
39 DFP 15 38 
50 Atropine 
DFP 
13 Dibutoline 
DFP 
12 Dibutoline 
Group A 8 Dibutoline 
Dibutoline 
Dibutoline 
Dibutoline 
DFP 
Atropine 
Dibutoline 0.3 
DFP 0.12: 
Group B DFP 0.12% 
Dibutoline 0:31: 
DFP 0.125 
: DFP 0.250 
Group C 28 Dibutoline 0.313 
Dibutoline 0.313 
DFP 0.250 
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_.*Cats were first tried and then discarded as experimental animals because of the great 
variation in response to a given dosage and the large amounts of drug needed for each animal. 
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caused a mortality of 87 per cent when it was followed by DFP 1.25 mg. per 
inimal, this mortality was reduced to 40 per cent showing that DFP has some 
protective action against the lethal dosages of dibutoline. DFP did not protect 
‘rom the LD, ., dosage of dibutoline (2.50 mg. per animal). When the 
sublethal dose of 0.313 mg. per animal of dibutoline was administered before 
‘he DFP the mortality was reduced to 8 per cent. 

The second group of mice, obtained from a different source, were more 
sensitive to DFP, The dosage 0.125 mg. per animal DFP caused a mortality 
of 99 per cent in a large group of mice. This was reduced to 60 per cent by 
dibutoline 0.313 mg. per animal. 

The third group of mice was less sensitive to DFP so that 0.250 mg. per 
animal caused a mortality of 61 per cent. This was reduced to 30 per cent 
by the dibutoline 0.313 mg. per animal. 

Death from either drug usually occurred within the first fifteen minutes 
and was rare after the first forty-eight hours. Thus dibutoline has a moderate 
degree of protective action against the toxic effects of DFP. 

Analysis of these results to determine the probability that they might result 
from chance by the use of Pearl’s formula for determining Chi-square gave the 
following results. The probability of chance in group A is 1 to 110; group B, 
1 to 500,000,000; and group C, 1 to 80. These results, therefore, all fall within 
the definitely significant range. 


SUMMARY 


Dibutoline, a choline derivative with parasympathetic blocking and no 
stimulating action, was tested to determine if it would protect against diisopropyl 
fluorophosphate poisoning. Dibutoline was effective in protecting mice against 
DFP toxicity, as was atropine. Both drugs were moderately efficient as anti- 
dotes when their injection preceded that of DFP. DFP has some protective 
action against lethal doses of dibutoline. 
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PHARMACOLOGY OF ALLYLTHIOMETHYL- AND 
n-BUTYLTHIOMETHYLPENICILLIN 


C. L. Rose, A.B., P. N. Harris, M.D., O. K. Brnrens, Pu.D., ano 
K. K. Coen, M.D., Px.D. 
INDIANAPOLIS, IND. 


CNTRARY to the original conception, penicillin is now recognized as a 
group of substances having a chemical and biologic similarity. It is there- 
fore a generic name. Benzylpenicillin (penicillin G) is the best known and 
most widely used of the group. New biosynthetic penicillins' recently have 
become available through the addition of certain organic precursors to the ecul- 
ture medium. Although different penicillins show a similar specificity of action 
on various microorganisms, several of the new penicillins exhibit pharmacologic 
properties which appear to offer some advantages over those of penicillin G. In 
this communication, certain physiologic actions of two of these penicillins,* 
allylthiomethylpenicillin (AT) and n-butylthiomethylpenicillin (BT), are com- 
pared with those of penicillin G. 

Particular interest in the toxicity of these new penicillins by intradural 
injection was aroused by a report of Baker? of our laboratories. In screening 
some thirty penicillins for their action against rabiec virus in the mouse brain, 
Baker found it necessary to establish their relative intracerebral toxicity values. 
His results indicated that penicillins AT and BT were much less toxie than 
penicillin G. 

Direct application of penicillin G to the cerebral hemispheres frequently 
incites convulsions,**> and in large doses may lead to necrosis of the parts so 
exposed.® 7 The effectiveness of the barbiturates in alleviating convulsions is 
well known. Sodium Amytal (Sodium Iso-amyl Ethyl Barbditurate, Lilly) and 
phenobarbital sodium have been used successfully in the treatment of convulsive 
seizures due to penicillin G.°*° Thus, it was of interest to ascertain whether 
or not Sodium Amytal injected intravenously would also decrease the toxicity 
of penicillins AT and BT when injected intradurally. 

The absorption, distribution, and excretion of injected penicillin, with par- 
ticular reference to its presence in spinal fluid, have been investigated by several 
workers.'°!* In our laboratories, studies were made on the concentrations of 
penicillins G, AT, and BT in the blood, urine, and spinal fluid of dogs following 
intradural and intramuscular administration. Since allergic responses to peni- 
cillin G have been reported in man,’” *° and the sensitization of laboratory ani- 
mals demonstrated,’” ** similar experiments were undertaken with the penicillins 
under discussion. 

From the Lilly Research Laboratories, Eli Lilly & Company. 


Received for publication, Aug. 24, 1948. 


*The natural and biosynthetic penicillins differ one from another according to the con- 
stituent present in the side chain containing the amide group. Benzylpenicillin (G) may be 
represented as CsHs-CH2-R, allylthiomethylpenicillin as CHs—=CH-CHo-S-CHo-R, and n-butvl- 
thiomethylpenicillin as CHs-CH2-CH2-CH:2-S-CH2-R, where R represents the remainder of the 
penicillin molecule. 
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PROCEDURES 


Mice weighing 12 to 14 grams were selected for the intracerebral tests. The tops of 
their heads were painted with Tincture Merthiolate (Sodium Ethyl Mercuri Thiosalicylate, 
Lilly), and injections made with a 0.25 inch, 26 gauge short-beveled needle, through the 
‘hin parietal bone near the sagittal suture. The compounds to be tested were dissolved in 
physiologic saline and injected in doses of 0.03 ¢.c. per mouse. Ten or more mice were used 
ner dose, and the median lethal dose + standard error was computed by the method of 
Bliss.19 Intracisternal injections were made on rabbits by means of a short-beveled, 20 
rauge spinal needle. Clear fluid was withdrawn, and various concentrations of the com- 
sounds in physiologic saline were administered in small volume doses (0.15 to 0.59 ¢.c.). 
Cisternal punctures on dogs were made through the space between the occipital bone and 
the posterior arch of the atlas. After the escape of a few drops of clear fluid, smal] volume 
doses in physiologic saline were injected. Intralumbar injections were also made in dogs 
in the third or fourth intervertebral space. Mice, rabbits, and dogs which died as the 
result of intradural injection were subjected to necropsy, and sections of the brain and 
spinal cord examined microscopically. 

In an attempt to decrease acute intoxication of penicillin in rabbits, Sodium Amytal 
was injected intravenously in a dose of 30 mg. per kilogram immediately before lethal 
intracisternal injections of penicillin, and again after the first convulsion. 

Three dogs were injected, one each, with a nonconvulsive dose (500 units per kilo- 
gram) of penicillins G, AT, and BT, respectively, by way of the cisterna magna. Cerebro- 
spinal fluid (CSF), blood, and urine samples were collected hourly. The paper-dise method 
of Loo and associates2o for streptomycin, adapted to the estimation of penicillin, was used 
in the determination of the antibiotic content in the urine and cerebrospinal fluid. The 
blood concentrations were tested by.a modification of the method described by Rammel- 
kamp.21* In an effort to find the rate of distribution of the penicillins from the blood into 
the cerebrospinal fluid, similar tests were made following intramuscular injection. 


Sensitization experiments were conducted on guinea pigs. The animals were in- 
jected daily for five days by the intraperitoneal route with 500 to 1,000 units of the 
respective penicillins. At the end of twenty-one and forty-two days, they were tested for 
anaphylaxis by intravascular injection. In addition, some of the animals were sacrificed 
and their isolated uteri tested for sensitivity to the compounds by the method of Schultz 
and Dale.22, 23 


RESULTS 


In contrast with the low toxicity following intravenous or intramuscular 
injection, penicillin G when administered in relatively small doses into nervous 
tissue eauses death. Compared with penicillins AT and BT, penicillin G is the 
most toxic. The data presented in Table I show that on a weight basis peni- 
cillin AT is 14, and penicillin BT \4g, as toxie as penicillin G when injected by 
the intracerebral route in mice. On a unit basis, penicillin BT is 14, as toxie 
as the natural penicillin. 


TaBLE I. Toxiciry FOLLOWING INTRACEREBRAL INJECTION IN MICE 








PENICILLIN UNITS NUMBER LD5) + STANDARD ERROR 
COMPOUNDS PER MG. OF MICE MG./KG. | UNITS/KG. 


G 1,640 110 af =U: 9,348 + 377 
AT 1,660 30 45.08 + 3.9 74,832 + 6,491 
BT 3,330 30 100.74 + 6.6 357,0 0 + 22,211 


wee 


*Streptococcus hemolyticus C203 was used in these assays. This organism responds some- 
what differently from Staphyiococcus aureus to the various penicillins. In order to express 
our findings in comparable terms, the blood concentration values presented in Tables ITI and V 
have been corrected to correspond to units, as determined with Staphylococcus aureus 209P. 








0 
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Intracisternal injections of rabbits (Table II) show much the same rela- 
‘tionships in toxicity. The differences, however, when tested by the same method 
on. dogs are not as great. Penicillin AT is 4%, and penicillin BT 40, as toxic 
as penicillin G. 


TABLE II. Toxicity FOLLOWING INTRACISTERNAL INJECTION IN RABBITS AND Docs 








LDsyg & STANDARD 

PENICILLIN NUMBER OF ERROR 
COMPOUNDS SPECIES ANIMALS (MG./KG.) 

G Rabbit 15 0.653 + 0.065 

AT 10 5.61 0.65 

BT 10 15.60 + 2.00 

G Dog 10 1.118 + 0.112 

AT 10 6.49 1.20 

BT 11 11.50 + 0.90 








is tit 





The most pronounced pathologic manifestation of the three penicillins fol- 
lowing lethal intracerebral injections in mice and intracisternal injections in 
rabbits was necrosis of some of the ganglion cells of the cerebrum and Purkinje’s 
cells of the cerebellum. The majority of the cells in both regions were normal. 
In dogs dying as a result of injections into the cisterna magna, much the same 
phenomena occurred. In sections from the cerebral cortex, basal ganglia, pons, 
cerebellum, and medulla, some ganglion cells were necrotic, Most necrosis was 
seen in the hippocampus major. 

Sodium Amytal was found to be capable of preventing acute intoxication 
produced by intracisternal injections of penicillins G and AT in rabbits. The 
median lethal dose (LD,,) for penicillin G was raised from 0.635 to 3.85 mg. 
per kilogram when administered in conjunction with Sodium.Amytal—a sixfold 
decrease in toxicity. Because of the small amount of penicillin AT available, 
its LD,, with Sodium Amytal was not established. However, four rabbits when 
injected, respectively, with one to four times the LD,, of penicillin AT, preceded 
and followed by the barbiturate, survived. Two rabbits receiving five times the 
LD,, of penicillin AT, together with Sodium Amytal, died within thirty-six 
hours. No change in the LD,, of penicillin BT occurred following the use of 
Sodium Amytal, phenobarbital sodium, urethane, or chloral hydrate. 

Table III shows the data on the penicillin concentrations in blood, urine, 
and cerebrospinal fluid following intracisternal injections in dogs. A compara- 
tively rapid clearance of the antibiotic substance from the spinal fluid occurred 
in each ease. 

When these compounds are injected by the intralumbar route in dogs, 
approximately five times as much material is required to cause death. Presum- 
ably, this may be due to the greater time required before the penicillin reaches 
the brain, giving an opportunity for dilution, as well as loss to the systemic 
circulation. This effect is demonstrated in Table IV. 

The rapid transfer of penicillin from the spinal fluid following intracisternal 
injection in dogs suggested that adequate concentrations (0.03 unit per cubic 
centimeter or higher) might be obtained in the spinal fluid by intramuscular 
injection. Following a dose of 200,000 units, an appreciable amount of the 
antibiotic substance was demonstrated in the spinal fluid, as shown in Table V. 





ALLYLTHIOMETHYL- AND 2-BUTYLTHIOMETHYLPENICILLIN 


TABLE III. ABSORPTION, DISTRIBUTION, AND EXCRETION AFTER INTRACISTERNAL 
INJECTION IN Dogs—500 Units Per KILOGRAM 








cOM- IN IN (UNITS/C.C.) COLLECTED | EXCRETED] CENT 
POUNDS UNITS HOURS BLOOD | URINE | CSF (c.C.) IN URINE | EXCRETED 
G 6,450 0:33 8.20 118.4 116 951 
0.16 7.05 37.0 169 839 
0.02 14.80 g2.0 38 562 
<0.02 4.45 10.1 40 178 
3.30 11.4 16 3 
1.50 2.9 19 28 
398 2,612 
11.30 285 116 Boll 
7.70 68 199 1,532 
26.40 8.8 24 63-4 
16.60 <3.0 19 315 
1.20 14 101 
4.30 Lz 47 
Total 383 3,941 
2.64 274 722 
6.70 138° 925 
18.20 oa 564 
18.20 ua | 200 
5.85 10 58 
al a 10 31 
474 2,501 





PENICILLIN] DOSE | TIME PENICILLIN CONCENTRATION URINE UNITS PER 
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TABLE IV. Toxiciry FoLLOWING INTRALUMBAR INJECTION IN Dogs 








LDsy + STANDARD ERROR 
PENICILLIN COMPOUNDS NUMBER OF DOGS (MG./KG.) 
G 10 4.94 + 0.27 
AT 19 38.00 + 3.20 
BT 15 56.20 + 2.80 








TABLE V. ABSORPTION, DISTRIBUTION, AND EXCRETION IN DoGS AFTER INTRAMUSCULAR 
InNJECTION—200,000 Units Per KILOGRAM 








PENI- URINE 
CILLIN DOSE TIME PENICILLIN CONCENTRATION COL- UNITS PER 
COM- IN IN (UNITS/C.C.) LECTED | EXCRETED CENT 
POUNDS UNITS HouRS | BLOop | URINE | CSF (c.c.) IN URINE |EXCRETED 








68.48 3,300 1.32 39 105,600 
68.48 1,230 >264 126 154,980 
34.24 14,750 0.66 9 132,750 
26.40 _ 21,000 0.66 168,000 
27.40 6,800 0.66 88,400 
13.70 5,400 0.66 8 43,200 
642.930 

370.00 33,750 0.66 ( 303,750 
92.40 22.750 0.46 261,625 
18.48 14,325 0.33 121,762 
10.36 1,320 0.3: 69,960 
2.29 2,100 0.16 10 500 
1.12 1,100 <0.02 6,050 
773,647 

52.80 5,400 iF 81,000 
52.80 990 25,740 
89.32 3,350 33 160,800 
42.24 10,836 . 113,775 
21.90 22,250 0. 66,750 
21.90 8,250 j 24,750 
5. 472.815 
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Not included in the table are the almost negligible results produced by a dose 
of 20,000 units per kilogram. 

Eleven of sixteen guinea pigs sensitized to penicillin G showed a definit« 
response on the twenty-first and forty-second days by the Schultz-Dale test. 
A group of nine showed no effect on the twenty-first day, but in another group 
of eight, five exhibited a mild anaphylactic reaction to intracardiac or intrave- 
nous injection of penicillin G. No response was obtained by either method when 
penicillin AT or BT was employed as the sensitizing and challenging agent. 
Nor was there any response to penicillins AT and BT in guinea pigs sensitized 
to penicillin G. 


DISCUSSION 


It has been demonstrated that penicillins AT and BT are less toxie by 
intradural injection than penicillin G. However, lethal doses of all three peni- 
cillins have the same pathologie effect upon the brain of mice, rabbits, and dogs, 
namely, production of necrosis of the ganglion cells. 


The toxicity of penicillin G has been a limiting factor in its use in intra- 
dural therapy. The concomitant use of Sodium Amytal makes possible the 
administration of considerably larger doses. The median lethal dose of peni- 
eillin AT, which is much greater than that of penicillin G, can be increased 
further by the use of the same barbiturate. In sharp contrast, efforts to increase 
the LD,, of penicillin BT, the least toxic member of this group, have so far been 


unsuccessful. However, the toxicity of penicillin BT without Sodium Amytal 
is so low that the use of penicillin G or AT with Sodium. Amytal offers no 
advantage. 

The absorption, distribution, and excretion rates of these compounds in dogs 
are much the same, depending more on the size of the dose than upon differences 
in molecular structure. With the small number of dogs used, no significant 
differences could be ascertained. When relatively small doses are injected intra- 
cisternally, the penicillins studied are rapidly absorbed, distributed, and excreted. 
It is apparent that the barriers between the cerebrospinal fluid and the blood 
are relatively permeable to penicillins in the direction of spinal fluid to blood, 
although they hinder greatly the passage of the antibiotics in the direction of 
blood to spinal fluid, 

Enormous intramuscular doses were required to give rise to definite quan- 
tities of penicillin in the cerebrospinal fluid. A dose of 20,000 units per kilogram 
was not sufficient, but ten times this amount resulted in high concentrations in 
the spinal fluid of all dogs. At no time, however, did the concentration in the 
cerebrospinal fluid approach that of the blood. 

In view of the fact that penicillins AT and BT, in contrast with penicillin 
G, have shown no sensitization in guinea pigs, the new products may prove 
clinically more advantageous in allergic individuals. In all probability, peni- 
eillins AT and BT will not be contraindicated following penicillin G, because 
they have shown no eross-sensitization with this substance. 
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SUMMARY 


1. Allylthiomethylpenicillin (AT) and n-butylthiomethylpenicillin (BT) 
ave much less toxic than penicillin G (benzylpenicillin) when applied directly 
i» the central nervous systems of mice, rabbits, and dogs. 

2. The toxicity of penicillins AT and G in nervous tissue is reduced approxi- 
niately fivefold by the intravenous administration of Sodium Amytal. The 
median lethal dose of penicillin BT, the least toxic of the group, is not affected 
hy the use of the same barbiturate. 

3. Necrosis of the ganglion cells occurs following lethal, intradural doses 
of each of the three penicillins. 

4. The diffusion of penicillin appears to be much easier from the cerebro- 
spinal fluid to the blood than in the opposite direction. 

5. Sensitization has been shown in guinea pigs to penicillin G, but not to 
penicillin AT or BT. 

The authors are indebted to Dr. J. M. McGuire, Miss Louise Niles,:and Miss Jean Smith 
for penicillin assays, Messrs, C. E. Powell and J, E, Waddell for the Schultz-Dale tests, and 


Messrs. R. D. Fink and J. K. Henderson for their assistance in the toxicity and excretion 
experiments. 
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LABORATORY METHODS 


A METHOD FOR THE DETERMINATION OF FIBRIN 
APPEARANCE TIME 


ARTHUR B. VoorHEES, JR.,* M.D., SAMUEL GRAF, Pu.D., AND 
ArtHuR H. BuaKemore, M.D. 
New York, N. Y. 


DEQUATE methods for control of administration of anticoagulants are 
A of especial importance in light of the increased application of anticoagu- 
lant therapy in thrombophlebitis and in postoperative vascular surgical prob- 
lems. Dicumarol therapy is regulated adequately by the determination of pro- 
thrombin time, a laboratory procedure; heparin administration, on the other 
hand, is usually controlled according to the blood coagulation time. The blood 
coagulation time determinations are routinely a bedside and not a laboratory 
procedure, and all too frequently the results are inexact. 

Among the sources of error in the Lee-White! and the de Takats? methods 
or their modifications are the agitation incurred in venipuncture and transfer 
of specimens, the variation in agitation of the specimens, and especially the non- 
uniform sensing of the end point by different observers. The scrupulous cleanli- 
ness and uniformity of glassware necessary and the difficulty of temperature con- 
trol also combine to make the methods cumbersome and of doubtful application 
to the control of heparin therapy. On the whole, these methods require an at- 
tention to detail difficult to accomplish on the wards. 

In this report we introduce a new criterion for the control of heparin 
therapy which is not in the true sense a blood clotting method, but rather a 
measurement of the fibrin appearance time. The technical procedure follows. 

A capillary tube varying from 1 to 2 mm. in diameter and of approximately 
9 em. in length is the basic piece of equipment. The tubes are cleaned by di- 
chromate solution followed by thorough rinsing in distilled water. Prior to the 
test, a 100 ¢.c. Veronal saline buffer solutiont (pH 7.4) containing 400 mg. 
fibrinogent is made up. This solution has been found to remain relatively stable 
at room temperature for at least twenty-four hours. A small quantity of the 
fibrinogen solution is drawn up into the capillary tube and any excess solution 
remaining at the tip of the tube is removed by touching the tip to any clean 
absorbent material. The finger tip is cleansed thoroughly with alcohol, allowed 
to dry, and jabbed with a sharp instrument so that a drop of blood will appear 
immediately without the necessity of milking the finger. The tip of the capillary 
tube is touched to the drop of freshly drawn blood and a quantity roughly equal 
to that of the fibrinogen solution already present is allowed to rise into the tube 

From the Departments of Surgery, Obstetrics and Gynecology, Presbyterian Hospital. 
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*At present in Surgical Research Unit, Brooke General Hospital, Brooke Army Medical 
Center, San Antonio, Texas. 


*Four hundred milliliters of 0.1M sodium diethyl barbiturate mixed with 288 ml. 0.1M 
HCl and diluted to 2,000 c.c. with oxalated saline (0.9 per cent). 


tSupplies of purified bovine fibrinogen were made available by Parke, Davis & Company, 
Detroit, Mich., and by The Armour Laboratories, Chicago, III. 
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by eapillarity. The end is sealed carefully with petroleum jelly, and thx 
' eapillary tube is placed in a constant temperature bath at 37.5° C. A bright 
light placed behind the capillary tube enhances the visibility of the fibrin forma- 
tion. The end point is read when the first cloudy haze appears at the blood- 
fibrinogen solution interface, and is not to be confused with the plasma layer 
formed when the blood cells sediment. The time of the test extends from the 
moment blood is drawn from the finger to the moment the cloud at the interface 
appears. 
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Fig. 1.—Diagram of the Lucite water bath used to maintain a constant temperature of the 
capillary tubes. 


The theoretic basis of the test is the accepted concept that fibrinogen in 
solution is converted to fibrin by the action of thrombin formed in the blood. 
Since thromboplastin in the presence of calcium ion effects the conversion of 
prothrombin to thrombin, which in turn converts fibrinogen to fibrin, it would 
appear that if a clear solution of fibrinogen were to be brought into eontact with 
whole unclotted blood, thrombin activation by blood and tissue thromboplastin 
would be reflected immediately by fibrin conversion in the portion of the fibrino- 
gen solution contiguous to the whole blood. The arrangement which appeared 
to offer the greatest degree of simplicity was that of layering blood drawn 
into a capillary tube with a fibrinogen solution. Through observation of such 
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an arrangement it can be seen that a definite area of fibrin forms in the clear 
‘ibrinogen solution just above the blood fibrinogen interface. Using a capillary 
‘ube provides an additional advantage in that the rate of diffusion of what is 
presumed to be thrombin is held relatively constant. It is reasonable to suppose 
‘hat the conversion of fibrinogen to fibrin at the interface goes on simultaneously 
vith the conversion of fibrinogen to fibrin in the fresh whole blood below. The 
mmediately apparent advantages are that the fibrin formation goes on in a 
solution which is perfectly clear and not obscured by the whole blood, that 
agitation is minimal, and that observation can be carried out with ease in a con- 
stanu temperature bath. 


solution. 


‘serum layer 


whole blood) 
layer ~*~. 


Fig. 2.—Photograph of the end point in the capillary-fibrinogen method. The source of light 
is behind the capillary tube. 


The simplicity of sampling finger-tip blood employed by the de Takats 
method is favored, although it is well known that blood obtained from finger- 
tip sampling exhibits greater thromboplastie activity than that derived from 
venipuncture; however, in the data that are to be presented it appears that the 
summation of tissue and blood thromboplastic activity bears a direct relation 
to the quantity of heparin given. 

A 400 mg. per cent solution of fibrinogen was chosen because it approx- 
imates the upper limits of normal blood fibrinogen concentration. Various solu- 
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tions containing from 100 to 800 mg. per cent fibrinogen were tried without 
any appreciable difference in fibrin appearance time or in the visual density of 
the fibrin formation. Veronal buffer was used with a pH of 7.4 since the fibrin 
formed was slightly more opaque than that seen with fibrinogen in physiologic 
saline. Capillary tubes with bores varying from 0.5 to 2.0 mm. were used with- 
out introduction of any appreciable error. 


TABLE I. COMPARISON OF CLOTTING TIME DETERMINATIONS MADE SIMULTANEOUSLY BY THE 
LEE-WHITE AND FIBRIN APPEARANCE METHODS AT RANDOM INTERVALS 
ON INDIVIDUALS RECEIVING HEPARIN 








CAPILLARY-FIBRINOGEN 
METHOD LEE-WHITE METHOD 
INDIVIDUAL ( MIN.) (MIN.) 


1 10 33 
9 20 
8 22 

13 40 
8 a 
8 16 

12 29 

14 45 

12 29 
8 16 

10 18 

12 29 
7 ay 
8 21 

11 31 

10 18 

23 
6 5 
7 12 
9 20 
7 20 

10 35 

17 54 
7 13 
6 16 








TABLE II. COMPARISON OF CLOTTING TIME DETERMINATIONS MADE SIMULTANEOUSLY IN 
TRIPLICATE BY THE LEE-WHITE METHOD AND FIBRIN APPEARANCE TIME METHOD ON A 
SUBJECT WHO RECEIVED 20 Mc. HEPARIN INTRAVENOUSLY 








LEE-WHITE METHOD FIBRIN APPEARANCE 
(ROOM TEMPERATURE APPROX. TIME METHOD 
25° ¢.) (3744° c.) 

; (MIN. ) (MIN. ) 

Control 27* 6.5 

30 6.5 

15 min. post heparin 60 15.0 

48 15.5 

60 15.5 

>) min. post heparin 39 9.: 
37 
33 
60 min. post heparin 19 
21 
21 





270 min. post heparin 





*The control values here are higher than those found in routine clotting determinations 
on normal individuals for two reasons: determinations were made in test tubes with a 
diameter of 12 mm. rather than the routine 8 mm. and were conducted at a temperature of 
.25° C. rather than 37.5° C. The normal time spread at 37.5° C. in 8 mm. diameter tubes 
is eight to fifteen minutes. 
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A large series of presumably normal individuals were tested and it was 
found that the spread of normal fibrin appearance time fell within five to seven 
minutes. When repeated tests were run with a single individual the variation 
was approximately thirty seconds. 

A series of patients receiving heparin was tested simultaneously with 
the fibrin appearance time determination and the Lee-White coagulation time 
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Fig. 3.—Heparin tolerance test. 
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Fig. 4.—Heparin tolerance test. 
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method. There was a rough correlation between the two times but a constant 
‘relationship was not apparent. (Table I.) 

In an additional attempt to establish a strict correlation, 20 mg. of heparin 
(Liquaemin) were given intravenously to a subject, and at predetermined in- 
tervals triplicate tests were run both by the Lee-White coagulation time method 
and the fibrin appearance time method. Again the times were roughly parallel, 
but there was no precise constant. (Table II.) 

Our attention was focused on the alteration of fibrin appearance time by 
heparin administration. Fig. 3 presents the findings obtained when 10 mg. 
of heparin (Liquaemin) were given intravenously to a normal individual. Three 
hours following the initial dose of 10 mg., 20 mg. were given intravenously. The 
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Fig. 5.—Effect of temperature on clotting time. 
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prolongation of the fibrin appearance time was immediate in both instances, and 
subsequent drops in the fibrin appearance time progressed in a linear and paral- 
lel fashion as the effect of the drug diminished. Fig. 4 depicts a similar test. in 
another normal subject, substantiating the fact that among presumably normal 
individuals there is considerable difference of response to heparin. In the sec- 
ond subject the initial prolongation of the fibrin appearance time was much 
greater and the subsequent fall-off was more rapid. 

It was found that if heparin is given after a lapse of several days, the in- 
dividual’s response may be markedly altered. (Fig. 4.) Seventy-two hours 
following the initial intravenous heparin dosage, 20 mg. of Liquaemin were 
given intravenously. The individual’s response had been markedly altered. 
Height and duration of the curve had diminished. 
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In order to determine the importance of temperature control, repeated fibrin 
ippearance time determinations were made on the same individual and were 
‘arried out in a water bath in which temperature was carried from 20 to 40° C. 
Fig. 5.) At the lower temperatures the expected prolongation of the fibrin 
ippearance time occurred.’ At 30° C. the time reached its shortest interval, 
ut as body temperature was approached it again rose. Just above normal 
vody temperature it again fell back to low levels, leveling off at 40 to 45° C. 
What significance this observation may have is unknown, but it does give rise 
‘0 speculation as to whether the same phenomenon occurs in vivo as in vitro. 


SUMMARY 


A method for the determination of fibrin formation time based on the dif- 
fusion of thrombin into a fibrinogen solution is described. The method appears 
to reflect more accurately heparin activity in vivo than the conventional clotting 
time determinations. The method lends itself to heparin studies on small ani- 
mals more readily than the Lee-White method. Data presented suggest the 
possibility of the development of an increased tolerance for heparin on peri- 
odically repeated intravenous dosage. It appears that fibrin appearance time 
varies sharply with in vitro temperatures that are within physiologic limits. 
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A SIMPLE MIXING AND SHAKING APPARATUS 


THomas F.. Fraw.ey, M.D.,* anp CHARLES W. BISHopP, Pu.D. 
BurFFao, N. Y. 


HE accompanying photograph (Fig. 1) illustrates a simple, rugged, portable, 

inexpensive mixing and shaking apparatus. The development of this ap- 
paratus was an outgrowth of investigations into ketone body metabolism involv- 
ing the use of the micromethod of Greenberg and Lester for the determination 
of acetone and ketone bodies.t However, its usefulness has since been extended 
to several other laboratory methods. These applications and the potential 
utility of such an apparatus in a laboratory have prompted this description. 


Cn ee 


Fig. 1. 


The apparatus consists of a sewing machine which has been modified to 
give both a vertical type of shaking motion and a rotary type of mixing motion. 
Several containers can be managed simultaneously in only one or in both of these 
motions. The adaptation of a sewing machine to give mixing by the technique 
of inversion was heretofore unknown to the authors. 

From the Medical Research Laboratory of the Buffalo General Hospital. 
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SIMPLE MIXING AND SHAKING APPARATUS 
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Fig. 2. 
A DESCRIPTION OF THE APPARATUS 
" An old foot-operated sewing assembly was removed from its base and fitted 
’ to a small wooden platform so that it could be placed on a laboratory bench. A 
» circular wooden disk, 10.2 inches in diameter and 0.7 inches thick, was then 
. bolted to the drive wheel. The disk contained eight equally spaced, small, utility 


clamps from which the clamp holders had been removed. The clamps were 
located one inch from the periphery of the disk and fastened in place with the 
customary locking, brass wing-nut accompanying clamps of this type. The disk 
was in turn rotated by a small motor of the type commonly used for converting 
sewing machines (Fig. 2). 
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The other end of the sewing machine was stripped down to the point where 
only the vertical reciprocating rod and its mechanism remained. A metal plate 
was welded to the top of this rod. To this plate two base plates (3 by 12 inches) 
obtained from a standard Erector set were bolted in the horizontal position and 
one was bolted in the vertical position. Twelve small utility clamps similar to 
those placed on the wooden disk were attached to the vertical base plate and 
secured in the same fashion. 

The motor speed was controlled by a variable circular rheostat of 200 to 350) 
ohms of the type shown in Fig. 2. Where this particular type of rheostat pro- 
vided too coarse a control for certain desired shaking and mixing speeds, an 88() 
ohm, 0.7 ampere cylindrical rheostat was attached to give finer regulation. 

The entire shaking and mixing apparatus weighs twenty-six pounds. It is 
easily transported by grasping the horizontal frame piece. 

When using the inversion mixer it is best to remove the reciprocating rod 
with its attached platform assembly from the other end (easily accomplished 
by loosening one screw). The container best suited to this inversion mixing in 
the analyses for ketone bodies was a 10 ml. graduated Pyrex cylinder, 13 by 175 
millimeters. A strip of adhesive tape was used to secure the stoppers. 

In addition to using the vertical shaking motion for test tubes as illustrated, 
the shaking mechanism has been successfully used for containers up to 500 ml. 
capacity for a period of four hours. The over-all gear ratio is high enough to 
give considerable power to this motion. 


SUMMARY 


A simple, portable mixing and shaking apparatus has been constructed by 
modification of a sewing machine. 









AN ELECTRONIC APPARATUS FOR RECORDING BLOOD PRESSURE 


Davin F. Marsu, Pu.D. 
Morcantown, W. Va. 










ANY biologie assays and pharmacologic investigations depend on the meas- 
i urement of the mean arterial blood pressure. This is commonly accom- 
plished by the use of the Ludwig mercury manometer writing on soot-covered 
paper. The soot-covered paper is messy, difficult to label, and susceptible to ‘ 
cracking or sticking during storage depending on the type of fixative used. 
Although the disadvantages of the soot and stylus procedure can be partly over- 
come by the use of a writing point using ink, this device requires constant atten- 
tion to keep the ink reservoir filled, and the recording paper must be run fairly 
rapidly to avoid having the ink smear and run. 

With sufficient patience and experience, satisfactory records can be obtained 
with either of these techniques, but the mercury manometer suffers the additional 
faults that a fairly large hole must be made in a major artery, that some blood 
loss is always involved, and that an anticoagulant must be used. These factors 
make the use of unanesthetized animals or small animals difficult. Some of these 
defects can be overcome by the use of the rubber-diaphragm manometer, but 
the device is nonlinear in response and possesses the same recording defects. 

The Hamilton’ and Wiggers? optical recording manometers are precision 
instruments that give a true record of systolic and diastolic blood pressure from 
which the mean arterial pressure can be calculated. Hypodermic needles are 
used for cannulas and blood pressure can be measured without the necessity of 
making large incisions. These devices are difficult to set up and to maintain in 
operation, must be used in partial darkness, and since they record on photo- 
graphic paper there is a considerable time lag between the administration of a 
drug and observation of the results. Recently, Braunstein and co-workers* have 
suggested the use of strain-gage manometers recording through a string-type 
electrocardiograph, but this also suffers the difficulties inherent in any method 
of photographie recording. 

All of these difficulties can be overcome by the use of the following appa- 
ratus, the components of which are commercially available. A Lambert-Wood‘ 
strain-gage manometer* has its two input terminals connected to a 7.5 volt A 
battery,t and its output terminals connected to a General Electric photoelectric- 
type recording microammeter.{ By reducing the size of the plastic head on the 
manometer and using a hypodermic needle adapter instead of a tubing connec- 
tion, it is possible to mount the manometer directly on the animal. This has 
obvious advantages when it. is desired to expose the animal to artificial changes 






































Received for publication, Sept. 1, 1948. 

*Various models and pressure ranges available from Statham Laboratories, Los Angeles, 
Calif. The illustration shows a modified P8-8-350. 

+Burgess G 5, Burgess Battery Company, Freeport, IIl. 

tPhotoelectric Recording Microammeter Model 8CE1DJ15 from General Electric Company, 
Schenectady, N. Y. The 8CE1DJ11 has also given good results. 
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Fig. 1.—Left to right: recording microammeter; battery for strain-gage, pressure bottle 


containing heparinized saline for washing out manometer, and modified Lambert-Wood strain- 
gage manometer. The hypodermic needle cannula is coated with General Electric Dri-film 9987, 
a silicone resin, to lower the incidence of clotting at the tip. 


Fig. 2.—Typical record. Dog (11 kilograms; male: 330 mg. sodium barbital per kilo- 
gram, intraperitoneally). Strain-gage manometer in left carotid artery; mercury manometer 
connected to right carotid artery. Five micrograms of epinephrine (base) per kilogram given 
at E 5, and 1 mg. Propadrine hydrochloride per kilogram given at PROPADRINE. Time, 
vertical lines, minutes; pressure, horizontal lines, 4 mm. Hg units. Sections of the mercury 
manometer record, run only one-fifth as fast, have been superimposed for purposes of com- 
parison. 
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of environment as only the electrical connection to the recorder need be run 
outside of the experimental chamber. Since very little volume exchange occurs 
with this type of manometer, no blood loss nor introduction of large amounts of 
anticoagulant solution need oceur, and unanesthetized animals can be used and 
pressure measured as long or as frequently as necessary. The device has been 
used to measure the blood pressure of rats, rabbits, guinea pigs, cats, and dogs. 
With suitable precautions as to sterility of the cannula and solution, it could be 
used in man, 

The recording microammeter is simple to operate, ruggedly constructed, and 
portable. The ink-written record is always visible and annotations can be made 
on it in ink or pencil at any time. It is not subject to destruction by folding, 
warmth, or scratching, as are some of the electrolytic and plastic recording 
papers, and it can be easily mounted with glue or rubber cement. The rolls are 
available with various rulings or plain. Various gear trains are available so 
that almost any desired rate of movement of the recording paper can be obtained. 
By choosing from the many basic instrument movements available and matching 
with the strain-gage sensitivity, almost any desired deflection sensitivity can be 
obtained. If necessary, the sensitivity can be increased by using a higher voltage 
battery, or decreased by the use of a low ohmage variable resistance between the 
manometer and recorder. The electronic circuit is slow enough that damping 
of the systolic-diastolic pressure to an integrated tracing of the mean arterial 
blood pressure occurs, and the minor fluctuations seen with the mercury manom- 
eter are absent. 


SUMMARY 


The disadvantages inherent in the common methods of the measurement of 
mean arterial blood pressure can be overcome by the use of a Lambert-Wood 
strain-gage manometer and a portable recording microammeter. 
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AN OPTICALLY RECORDING BUBBLE FLOW METER ADAPTED FOR 
MEASUREMENT OF RENAL BLOOD FLOW | 


Ewavp E. Seikurt, Pu.D. 
CLEVELAND, OHIO 


HE principle of measurement of the mean rate of blood flow by timing the 

passage of a small air bubble introduced into the blood stream of an organ 
was first used by Soskin, Priest, and Schutz.‘ Blood leaving the femoral vein 
of a dog passed through an external circuit of glass tubing of small bore. 
Knowing the exact volume from the point of entrance to the point of exit of 
the tubing and the time of passage of the bubble between these two points per- 
mitted calculation of volumetric flow. Dumke and Schmidt? have more re- 
cently employed a modification of this principle for estimation of cerebral 
blood flow by measuring arterial inflow, and the same apparatus has been used 
for coronary arterial inflow measurement.? Both devices have required direct 
visual observation for timing bubble passage. However, when measurement 
of renal blood flow is to be made in dogs, rates up to 200 ¢.c. per minute are 
not uncommon and time of bubble passage is correspondingly brief. To in- 
sure complete acéuracy a photoelectric cell was incorporated into the present 
modification to measure the time of bubble passage. This has the additional 
advantage that it can be used to actuate an optically recording galvanometer 
so that flow can be registered simultaneously with blood pressure measurements 
on the photokymograph. 

Description of Apparatus.—(Numbers in parentheses refer to correspond- 
ing parts of the apparatus pictured in Fig. 1). The main circuit consists of 
Lucite (Plexiglas) coiled tubing of about 3 mm. internal diameter and 60 em. 
length. Blood enters and leaves the tubing through a Lucite block through 
which the bore of the tubing is continuous (10). A metal plate containing two 
slots directly overlying the continued bore of the tubing covers the Lucite block. 
Through these slots light from a 6 volt auto lamp (9) is transmitted to an 
underlying photoelectric cell (11). Air from a reservoir under pressure some- 
what higher than carotid blood pressure is introduced at (6) via a three-way 
stopeock (5) into a 2 ¢@.c. syringe (2), and from this volumes of about 0.3 c¢.e. 
are injected into the inflow limb of the meter. Passage of this bubble under 
the ‘‘entering’’ and ‘‘exit’’ slots suddenly transmits light through the column 
of blood to the photocell. This impulse is amplified by a G. E. Victor elec- 
trocardiograph, causing the mirror of an auxiliary galvanometer of the torsion- 
string type to register a deflection of a light beam (see record, lower part of 


From the Department of Physiology, Western Reserve University School of Medicine. 
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Fig. 1.—Top, optically recording bubble flow meter utilizing photoelectric cell to record 
time of bubble passage. The numerals refer to various parts which are described in the text. 

Bottom, optical record showing (from above downward) manometer base line, renal 
arterial pressure, and galvanometer record showing characteristic deflections as bubble passes 
“entering’’ and “exit” slots of meter. Volume of the flow meter circuit between slots is 6 
c.c.; hence, observed flow is 6/2.44 X 60 = 147 cc. per min.; corrected flow (from Fig. 2) 
is 1380 cc. per minute. 


Kig. 1). The air bubble is then captured in a trap made from large-diameter 
glass tubing with a side-arm (3). As air accumulates, it is released through 
a stopcock (1). 

Measurement of the rate of arterial inflow is provided for by cannulation 
of a carotid artery and connecting with lead tubing to the inflow coupling 
of the meter (4). The blood leaves the meter at (8) which connects directly to 
a metal ‘‘L’’ cannula (not shown in the figure) suitable for cannulation of 
the renal artery. At this point another coupling (7) permits connection to 
an optical manometer of the Gregg type for registration of renal arterial 
pressure. 
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No provision has been made for constant temperature regulation of the 
flow meter. At normal rates of renal blood flow, temperature drop across the 
meter is hardly perceptible. Indeed, for a flow of 42 ¢.c. per minute, a tem- 
perature drop of only 0.25° C. was noted with ambient temperature of 23° C. 
Any cooling of the animal can be prevented by use of a warming board. 

Calibration of the Instrwment.—To calculate volumetric flow, the exact 
volume of the flow meter from mid-point to mid-point of the ‘‘entering’’ and 
‘‘exit’’ slots must be known. Time of passage is obtained from the electrical 
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Fig. 2.—Calibration graph showing the relationship of observed flow to direct volumetric 
fiow. The dotted line indicates perfect correlation. 


timing device of the photokymograph. It was found that the air bubble trav- 
eled somewhat faster than the total column of blood, making the observed flow 
faster than the simultaneously measured volumetric outflow. This is a linear 
relationship directly proportional to the rate of flow and the total length of 
the flow-cireuit. Henee a calibration curve of the type illustrated in Fig. 2 must 
be constructed by making simultaneous direct flow determinations with bubble 
flow at different rates. Hematocrit concentration does not appear to signifi- 
cantly influence this relationship, as shown in Fig. 2. 

The Effect of the Bubble Meter on Renal Arterial Pressure and Pulse.— 
The blood meets resistance to flow in the meter circuit, causing mean renal ar- 
terial perfusion pressure to be less than mean systemic arterial pressure. The 
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pressure drop in the meter used here is 16 mm. Hg when blood flows through 
the meter at a rate of 100 cc. per minute (average hematocrit reading, 38 
per cent). Pulse pressure averaged 18 mm. Hg for a number of observations 
at an average heart rate of 150 per minute. Due to the damping effect of the 
meter there is a change in normal carotid pulse contour resulting in a more 
eradual rise of the pulse and a considerable damping of the incisura (Fig. 1). 
As air accumulates in the bubble trap, the change in contour becomes more 
marked, finally giving a triangular contour with no incisura, accompanied by 
further reduction in pulse pressure. 
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Fig. 3.—Representative experiments in two animals showing reflex vasomotor effects on 


kidney, — A, sciatic stimulation (traction). B, central vagal stimulation (Electrodyne stimu- 
lator, 150 volts, 50 per second). 
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Preparation of Animal.—Dogs anesthetized with 30 mg. per kilogram of 
body weight of pentobarbital sodium, administered intravenously, are used. 
Utilization of the arterial inflow principle necessitates exposure of the left 
renal artery by a dorsal retroperitoneal approach. About 1 cm. of the renal 
artery close to the abdominal aorta is dissected free of nerve fibers; if this is 
done carefully they need not be interrupted. Before cannulation of the ar- 
tery, the animal is heparinized with 4 mg. per kilogram of body weight prim- 
ing dose, and a total of 5 mg. of heparin is given every half hour thereafter. 
Cannulation requires first ligation of the artery close to the aorta before incis- 
ing. The renal cannula is then introduced toward the kidney and secured with 
a second ligature. Total time of this procedure should be less than one minute. 


Representative Results—From various observations made on a number 
of animals, only two illustrative experiments demonstrating reflex effects on 
flow are presented herewith (Fig. 3). .4 shows decreased flow accompanying a 
pressor response following central sciatic nerve stimulation in one animal, and 
& shows a phase of reduced flow accompanying a pressor response during 
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-strong central vagal stimulation. Since flow is reduced while arterial pres- 
sure is elevated, active reflex vasoconstriction must be occurring in the kid- 
ney. This proves the intactness of the renal nerve supply. 


CONCLUSIONS 


Advantages of the optically recording bubble flow meter are: (a) it re- 
cords mean flow, and readings can be very rapidly repeated, e.g., every five 
seconds; (b) moderate amounts of heparin can be used, for clotting is minimal 
on the nonwettable surface of the Lucite tubing. Furthermore, small amounts 
of fibrin formation should not change the calibration of the instrument appre- 
ciably. This is not the case with other currently used optical flow meters such 
as the rotameter. With this, anticoagulant dyes such as pontamine fast pink 
and chlorazo] fast pink are required as an adjunct to heparin. These dyes 
are not without their effect on renal blood flow (unpublished observations). 

The disadvantage of the present device is that there is appreciable loss 
of perfusion pressure through the meter and some damping of the pulse pres- 
sure. Observations here indicate that while reduction in pulse pressure does 
not influence renal blood flow, decrease in mean perfusion pressure will ob- 
viously reduce flow to some degree. Accordingly, the best use of the instru- 
ment is for measurement of changes from control value resulting from neuro- 
genic or humoral and drug action, particularly when experimental changes 
are rapid. 
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HEMOPHILIA-LIKE DISEASE IN WOMEN 






REpoRT OF Two CASES 






JAMES S. HEwuett, M.D., AND Russet L. Haven, M.D. 
CLEVELAND, OHIO 










HETHER or not hemophilia can occur in women has never been con- 

elusively determined. Hemophilia is a disease characterized by delayed 
clotting of the blood, is transmitted through women, and oceurs exclusively 
in men. However, a few cases which clinically resemble hemophilia in women 
have been reported. We have recently encountered two such patients. 







CasE 1.—A woman, aged 40, was first seen on Jan. 31, 1945, with the complaint of sud- 
den hemorrhage into the base of her tongue that interfered with eating and caused pain 
and difficulty upon swallowing. She had first noted large hemorrhages into the subcutaneous 
tissue of her right arm with some swelling and pain in August, 1944. These multiple areas 
of ecchymoses had appeared ‘‘several days’’ subsequent to a bee sting on her right hand 
which resulted in severe local redness and swelling. The subcutaneous hemorrhages had 
continued and one week later had spread to involve the left arm in a similar fashion. 
She had noted hematuria on one or two occasions and some bleeding from the mouth. 
The episodes of hemorrhage continued with variable frequency, involving various portions 
of the body. 

The patient’s father had died at the age of 77 of arteriosclerosis, and her mother was 
living and well at the age of 85. Two brothers, aged 62 and 64, were alive and well, and 
no siblings were deceased. There was no family history of abnormal bleeding or bruising 
for at least two generations. The past medical history was negative except for scarlet 
fever at the age of 24 which left no sequelae. The patient had had one miscarriage 
followed by five normal births, the last being in May, 1944, without abnormal bleeding. 
Her menstrual periods had always been regular every twenty-eight days, lasting five days, 
without excessive flow. 


















Physical examination was entirely negative except for many large subcutaneous 
hemorrhages over the entire body. The laboratory findings are summarized in Table II. 
Sternal puncture disclosed an erythroblastic marrow but was otherwise negative. 






From January, 1945, until April, 1945, the patient was given six intravenous injec- 
tions of plasma by her own physician. She thought she was much improved during this 
period. In April she sustained a large bruise on the forearm following trauma, but the 
spontaneous hemorrhage in general was much less frequent. Hemorrhagic studies made in 
January, 1946, are summarized in Table II. In March she delivered a normal child and 
showed no tendency to abnormal bleeding. In June, following extraction of a tooth, con- 
tinuous oozing was present for two days and her entire jaw became ‘‘black’’ for a few 
days, then returned to normal. She was observed again in August with no evidence of 
bleeding or bruises. 
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TABLE I. COMPARISON OF PATIENT’S BLOOD WITH THAT OF NORMAL AND HEMOPHILIC SUBJECTS 








2 ¢.c. WHOLE BLOOD 


0.1 C.c. PLASMA 


COAGULATION TIME 





N 
P 
N 
P 
H 
H 
H 


HIAOABAVOO 


9 
130 
9 
30 
57 
12 
57 


min. 
min. 
min. 
min. 
min. 
min. 
min. 





N, normal patient; H, 


hemophilic patient; 


TABLE IT 


P patient. 








JANUARY, 1945 


JANUARY, 1946 


AUGUST, 1946 





Tourniquet test 
Platelets 
Coagulation time 
(4 test tube method) 
Coagulation time 
Recalcified plasma 
Slow 
Fast 
Bleeding time 
Clot retraction 
Prothrombin time (Quick) 


Fibrinogen 

Caleium 

Wassermann 

R.B.C. 

W.B.C. 

Hgb (Haden-Hausser ) 


Neg. 
620,000 


1 hr. 56 min. 


21 min. 

29 min. 

3 min. 

Normal 

15 see. (normal: 15 
see. ) 

490 mg./100 ml. 

9.4 mg.-100 ml. 

Neg. 

3,100,000 

7,000 

9.3 Gm. 








Neg. 
380,000 


19 min. 


3 min. 
4 min. 15 sec. 
6 min. 
Normal 


4,410,000 
5,100 
12 Gm. 





Neg. 
370,000 


15 min. 


3 min. 20 sec. 
6 min. 30 sec. 
6 min. 
Normal 
16 sec. 


4,650,000 
4,100 
12.5 Gm. 





CASE 2.—A woman, aged 33, was admitted on Feb. 14, 1944. In January she had 


noted some swelling and tenderness of one of the finger joints, which was interpreted as a 


mild arthritis at the time. She denied any traumatic factors. Later there had been evi- 
dence of bleeding in the area of the joint, followed by a similar swelling and tenderness 
of the right wrist with hemorrhage extending up the right arm. There was subsequent 
involvement of the left ankle and left leg, with large hemorrhagic areas over the entire 
left leg and foot. During this period the patient had epistaxis on several occasions from 
the right nostril only, usually occurring in the early morning or associated with reclining, 
and persisting from five to forty minutes. The flow was by drop rather than by steady 
stream and had never been difficult to control. Hematuria had been noted for one week 
in January, but this had cleared spontaneously and had not recurred. Associated with 
the appearance of ecchymoses and bleeding into the joints, the patient had noticed pro- 
nounced malaise and physical weakness and had become unable to carry on her household 
duties. 

Family history was negative, and careful questioning did not reveal evidence of any 
familial hemorrhagic tendency on either the maternal or paternal side. There were nine 
maternal and eight paternal siblings and two sisters of the patient, both of whom were 
born deaf but were otherwise normal. On 
Jan. 19, 1943, she had delivered a normal baby boy after full-term pregnancy with no un- 
usual loss of blood. 


The past medical history was entirely normal. 


There had never been any abnormality in the menses. 


Physical examination was entirely negative except for ecchymotie areas about 


the right elbow, inside the right and left thighs, and on the left ankle. 
manifestations of joint involvement. 


There were no 
No petechiae were present. 
In March, 1944, the patient was given 250 ml. of lvophilized plasma by intravenous 


infusion. The coagulation time was reduced from two hours and fifteen minutes to one 
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jour and thirty minutes. This procedure was repeated a few days later, and no reduction 
n the coagulation time was observed. When she was last seen at the Clinic in September, 
044, the coagulation time was only one hour and forty-five minutes. A telephone con- 
ersation in August, 1946, revealed that she was continuing to have ecchymoses and minor 
ioint symptoms. The laboratory data are summarized in Table ITT. 







TABLE III 

















































; FEBRUARY, MARCH, AUGUST, SEPTEMBER, 
1944 1944 1944 1944 
Vourniquet test Neg. 
latelets 430,000 350,000 
Coagulation time 
(4 test tube method) 2 hr. 45 min. 1lhr. 15 min. | 1 hr. 50 min. | 1 hr. 45 min. 
Coagulation time : 
Reealcified plasma 
Slow 10 min. 12 min. 
Fast 25 min. 21 min. 
leeding time 1 min. 1 min. 
Cloth retraction Normal Normal . 
Prothrombin time 19 see. 17 see. (nor- 
mal: 15 
Caleium 10 mg./100 ml. 
\Wassermann Neg. 
R.B.C. 4,940,000 5,180,000 4,950,000 
W.B.C. 7,300 6,200 5,350 
ligb (Haden-Hausser ) 12.5 Gm. 13 Gm. 13.5 Gm. 



















DISCUSSION 











In the past sixteen years at the Cleveland Clinic this type of hemorrhagic 
diathesis, occurring in female patients, has been observed on only two oe- 

‘asions. It is undoubtedly a rare condition. Nevertheless, we believe that 

this hemorrhagic problem occurs more frequently than is realized but remains 

undiagnosed. It is interesting to speculate as to whether or not such women if 
bleeders have the same inherent defect in the blood as that present in true 

hereditary hemophilia. 

Sullock and Filides,! in a survey of 600 hemophilie families, could find no i 
evidence of the disease among the female subjects. Birch? in the United i 
States reviewed seventy-eight hemophilic families and could find no affected 
women among them. Others* have made similar investigations and have 
found no true female hemophiliaes. Bucura‘* collected 197 eases of ‘female 
hemophiliaes’’ from the literature, but he found the evidence equivocal 
and ineonelusive for such a diagnosis in all of the eases. As Quick® points 
out, all of the eases of so-called hemophilia in women, antedating the very 
recently reported ones, must be restudied in the light of newer diagnostic : 
procedures, and the diagnosis cannot rest on history and a prolonged coagula- 
tion time of the blood alone. According to Quick’ ‘‘It is extremely doubtful 

















whether a true case of hemophilia has ever occurred in a woman.”’ : 
In 1945 Madison and Quick® described this disease entity as ‘‘hemophilia- a 





like disease in the female’’ and gave an account of a woman, aged 30, who de- 
veloped hemorrhage into the deep tissues of the body and evidence of 
hematuria. She had a prolonged coagulation time, but the coagulation time 
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of recalcified plasma was normal. She developed severe hemorrhage into the 
‘tongue and the pharynx which led to mechanical obstruction of respiration 
and subsequent death. Autopsy revealed nothing other than extensive hem- 
orrhage throughout the body. These authors also reported the case of a 
woman, aged 33, in whom hemorrhagic manifestations appeared one year 
following childbirth. The hemorrhages were for the most part superficial, 
with epistaxis and one attack of hematuria. The prothrombin time was 8& 
per cent, and the coagulation time was one hour and fifty minutes. The 
family history was negative. Joules and MacFarlane’ in 1938 described the 
similar type of bleeding in a 56-year-old woman. Following extraction of a 
tooth she developed hemorrhages into -the subcutaneous tissue, hematuria, 
and bleeding into the tongue and joints. She had a prolonged coagulation 
time. When Russell’s viper venom was added to the blood in the tube the 
coagulation time became almost normal. Other cases of female bleeders, such 
as those reported by Kubo,’ Schultz,° and Chargaff and West’? resemble 
hemophilia more closely than they do any other hemorrhagic disease. It is 
obvious that these, along with the two we have reported, belong to an entity 
that has a coagulation defect in the blood not unlike that of true hemophilia. 


Whether or not an inhibitor substance is present in the blood of hemo- 
philic persons accounting for the hypocoagulability has not been conclusively 
determined. Recently Tocantins'! has presented evidence suggesting that the 
primary disturbance in hemophilia is associated with an excess of anti- 
thromboplastin. Others’? hold that the theory of an anticoagulant as the 
cause of hemophilia is untenable. The presence of such an anticoagulant has 
been suggested as an explanation for the hypocoagulability of other hemor- 
rhagie diseases. Such an anticoagulant had never been observed in human 
blood, however, until Lozner, Jolliffe, and Taylor’ reported a patient with 
a prolonged coagulation time which they proved to be associated with an 
anticoagulant in the blood. Therefore, these authors suggested that such 
bleeding problems be investigated and a search made for the presence of an 
anticoagulant in the plasma. Fant! and Nance also have reported a woman 
who acquired a hemorrhagic diathesis which they proved to be due to a spe- 
cifie antithromboplastie factor. 

Following the technique described by Lozner, Jolliffe and Taylor,!* we 
have attempted to exclude the possibility of an anticoagulant in our second 
patient. For this experiment blood was obtained from a normal donor and 
from our patient. The plasma was prepared from both blood specimens by 
adding sodium citrate to the whole blood so that the final citrate econeentra- 
tion was 0.25 per cent. The blood was then centrifuged; the plasma was re- 
moved and filtered through a Seitz filter. The normal blood had a clotting time 
of nine minutes. When 0.1 ml. of filtered citrated plasma from our patient 
was added to 2 ml. of normal whole blood, it continued to clot at the same 
rate of nine minutes. This seems to eliminate the possibility of the presence 
of an anticoagulant in the blood plasma as the basis for the retarded co- 
agulation time. 








155 





HEMOPHILIA-LIKE DISEASE IN WOMEN 









The next experiment was made with blood obtained from the same pa- 
‘ient, a normal donor, and a hemophilic patient. The same technique was 
‘ollowed in preparing the plasma. When 0.1. ml. of normal citrated plasma 
was added to 2 ml. of hemophilic blood, there was an acceleration of the co- 
agulation time from fifty-seven minutes to twelve minutes. Under the same 
-onditions, 0.1 ml. of normal citrated plasma was added to 2 ml. of the pa- 
‘ient’s blood. There was a similar acceleration of the clotting mechanism, 
and the coagulation time was reduced from 130 minutes to thirty minutes. We 
next added 0.1 ml. of plasma from the hemophilie subject to 2 ml. of blood ob- 
tained from the patient. The time required for the coagulation to occur was 
not altered, remaining at fifty-seven minutes. (These figures are summarized 
in Table I.) These facts seem to indicate that normal plasma contains a sub- 
stance which is absent or deficient in the blood of the hemophilic person and of 
our patient. Whether the deficient factor is the same in both instances is not 
known. 

Some of the more recent work by Patek and Taylor’'® 1° and their as- 
sociates'*-?3 has shown that normal cell-free human plasma contains an active 
principle which when added in small amounts to hemophilie blood produces 
normal coagulation. This substance is closely allied with the globulin frac- 
tion of the plasma proteins and has been designated the ‘‘ globulin substanee.”’ 
They were unable to obtain it in any significant quantity from hemophilie 
plasma. Howell** has confirmed these observations but prefers to eall the 
material plasma thromboplastin. There seems to be fairly conclusive evi- 
denee that there is a deficiency in the plasma of hemophilic patients which 
accounts for the prolongation of the clotting time. More recent investiga- 

tion suggests that this globulin fraction acts as the progenitor of an enzyme 

3 system which plays an as yet unknown role in the process of blood co- 
agulation. In hemophilic plasma the enzyme system may be present in re- 
dueed amounts. Along this line, Quick®® has recently presented evidence that 
the platelets are normal in hemophilia, liberating their enzyme in a normal 
manner. He proposes that this platelet enzyme acts directly on the pre- 
cursor of thromboplastin which he designates thromboplastinogen. Hemo- 
philic patients thus lack this precursor, thromboplastinogen, which is nor- 
mally present in the plasma. 

We were therefore interested -in seeing whether any disturbance in the 
plasma protein fractions could be demonstrated. Employing the technique of 
Tiselius* we determined the various plasma proteins. These are recorded in 
Table IV. In our first patient there was a low value for the total protein and 
for the albumin which could be accounted for by blood loss. The globulin 
fractions and fibrinogen were within the range of normal, although the alpha- 
globulin was at the lowest value of normal. In our second patient the total 
protein was normal, the albumin was normal, but the alpha-globulin was ab- 
normally low. The beta- and gamma-globulin and the fibrinogen fractions 




























* Longworth’s* modification of the Tiselius electrophoretic method was used to estimate 
the albumin, a-globulin,: B-globulin. and y-globulin, and fibrinogen in the plasma. Total protein 
values were determined by Pregl’s modification of the micro-Kjeldahl method for estimating 
total and nonprotein nitrogen. 
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TABLE IV. TISELIUS PROTEIN FRACTIONATIONS (GM./ML.) 








NORMAL 

RANGE TOTAL ALBUMIN | a-GLOBULIN | B-GLOBULIN | y-GLOBULIN | FIBRINOGEN 
High 7.82 5.11 0.66 1.07 0.91 0.48 
Low 5.94 3.72 0.39 0.65 0.60 0.16 
Case 1 5.30 2.78 0.39* 0.80 0.91 0.42 
Case 2 6.40 4.21 0.31* 0.88 0.72 0.28 


*Definitely low values. 








were normal. Both of these protein patterns can, we believe, be considered 
abnormal. The alpha-globulin fraction has been reported low in hypothy- 
roidism, and hypopituitarism, which neither. of our patients had. The sig- 
nificance of this discrepancy in the alpha-globulin is not known. 


SUMMARY 


1. The clinical picture in two eases of hemophilia-like disease in women 
was similar to that found in true hemophilia, and the outstanding charac- 
teristic was the prolonged coagulation time of the blood. 

2. The coagulation time of recaleified plasma, which Quick?’ believes 
pathognomonie for hemophilia, was positive in both patients. 

3. When normal citrated plasma was added to blood from one of our 
patients the coagulation was markedly accelerated. This is similar to the 
response of hemophilie blood to normal plasma. 

4. Tiselius protein fractionation revealed definite abnormality in the 
alpha-globulins in one patient and suggestive but not conclusive evidence of 
abnormality in the second patient. We believe that these changes are sig- 
nificant. 

5. The possibility that some acquired change in the plasma protein pat- 
tern might be the basis for the coagulation defect in our patients is sug- 
eested. The defect seems similar to that found in hemophilia. 
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RANGE TOTAL ALBUMIN | a-GLOBULIN | 8-GLOBULIN | y-GLOBULIN | FIBRINOGEN 
High 7.82 5.11 0.66 1.07 0.91 0.48 
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Case 1 5.30 2.78 0.39* 0.80 0.91 0.42 
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were normal. Both of these protein patterns can, we believe, be considered 
abnormal. The alpha-globulin fraction has been reported low in hypothy- 
roidism, and hypopituitarism, which neither. of our patients had. The sig- 
nificance of this discrepancy in the alpha-globulin is not known. 


SUMMARY 


1. The clinical picture in two eases of hemophilia-like disease in women 
was similar to that found in true hemophilia, and the outstanding charac- 
teristic was the prolonged coagulation time of the blood. 

2. The coagulation time of recalcified plasma, which Quick?’ believes 
pathognomonic for hemophilia, was positive in both patients. 

3. When normal citrated plasma was added to blood from one of our 
patients the coagulation was markedly accelerated. This is similar to the 
response of hemophilie blood to normal plasma. 

4. Tiselius protein fractionation revealed definite abnormality in the 
alpha-globulins in one patient and suggestive but not conclusive evidence of 
abnormality in the second patient. We believe that these changes are sig- 
nificant. 

5. The possibility that some aequired change in the plasma protein pat- 
tern might be the basis for the coagulation defect in our patients is sug- 
eested. The defect seems similar to that found in hemophilia. 
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THE LYMPHOCYTE 
STUDIES ON ITs RELATIONSHIP TO IMMUNOLOGIC PROCESSES IN THE CAT 


CHARLES G. CRADDOCK, JR., M.D., WILLIAM N. VALENTINE, M.D., AND 
JOHN 8S. LAWRENCE, M.D. 
RocHEster, N. Y. 


HE part played by the lymphocyte and lymphoid tissue in the normal 

physiology of the body and in the response of the latter to injurious stimuli 
and disease states has been the subject of many speculative theories, but a 
surprising paucity of well-established information exists in regard to the fune- 
tions of this widespread tissue. It is quite apparent that the lymphocyte must 
be of considerable significance in the general body economy if one but con- 
siders the rate of utilization and concomitant production of lymphocytes in 
the normal animal. It is reasonably well established that each lymphocyte 
must yield its metabolically important contents within a few hours after en- 
tering the blood stream.’}?»* Recent investigations have directly implicated 
the lymphocyte and lymphoid tissue in important immunologic funections— 
a relationship which previously had been postulated many times but never ade- 
quately substantiated experimentally. Because of the great significance of 
such a concept in regard to clearer understanding of the body’s defense 
processes, thorough evaluation of the existing knowledge is essential. 

Many and diverse sites of antibody formation have been implicated by 
different investigators. Reticulo-endothelial tissue has attracted particular 
attention in this regard. Thus Hartley* reported evidence of antibody forma- 
tion occurring in the histiocytic cellular reaction about the intradermal: injec- 
tion of an aluminum hydroxide gel suspension of vaccinia virus. Experi- 
ments by Topley® in 1930 seemed to indicate that the ‘‘histiocytes of the spleen 
themselves form antibodies or some intermediate product.’’ Similarly De 
Gara and Angevine® found antibody in tissues rich in reticulo-endothelial 
cells before any antibody appeared in the blood. The inhibition of antibody 
response by any procedure which severely injures the cells of the reticulo- 
endothelial system*'® is further indirect evidence of the role of the latter 
in the formation of antibodies. Tissue culture experiments likewise support 
the contention that reticulum cells such as those found in bone marrow, lymph 
nodes, and spleen are capable of producing antibodies. In fact, Meyer and 
Loewenthal,'! employing the rabbit, reported antibody formation from ecul- 
tures of omental milk spots, a tissue which contains only cells of the reticulo- 
endothelial type. The plasma cell has also been felt to take part in im- 
munologie processes.'* 1* However, there is disagreement as to the primary 
importance of the plasma eell in antibody formation. 


This work was performed under contract number W-7401-eng-49 with the Atomic Energy 
Commission, University of Rochester. 

From the University of Rochester School of Medicine and Dentistry and the Department 
of Medicine of the Strong Memorial and Rochester Municipal Hospitals. 

Received for publication, Aug. 13, 1948. 


158 
















lof 





THE LYMPHOCYTE 


In spite of the diversity of opinion as to the relative importance of var- 
ious tissues in the antibody mechanism, recent findings revive the concept 
that lymphoid tissue and its product, the lymphocyte, are fundamental in 
the process. In 1935 MeMaster and Hudack?® ** first reported evidence of 
agglutinin formation in the local lymph nodes draining the area of intra- 
dermal injection of antigen into mice before detectable antibody appeared in 
the blood. Similar results later were obtained in rabbits. Since then numer- 
ous workers'” 7* 1° have concluded that lymphocytes contain gamma globulin 
and hence are potential carriers of antibody protein. Ehrich and Harris’ 
and Harris, Grimm, Mertens, and Ehrich?® conducted experiments to show 
antibody appeared in the efferent lymph of the popliteal lymph nodes of 
rabbits after local intradermal injection before the rise in serum antibody 
titer. They also presented evidence?” *1 to show that the antibody was actu- 
ally contained within the lymphocytes and they concluded that antibody was 
either manufactured in the cell or was concentrated therein and transported 
to the blood by the lymphocyte. 

These conclusions are in sharp contrast to those reached by Hektoen in 
1911.° This investigator followed the rise in antibody titer in dogs after 
amputation of the leg into which antigen had been injected subeutaneously 
three to forty-eight hours previously, and found that the rise was comparable 
to that in normal controls. These findings would indicate that other sites 
of antibody formation can fully compensate for any antibody which may 
have been produced in local areas draining the site of antigen injection, even 
though the latter have been ablated. They also indicate the rapidity with 
which antigen was spread throughout the body after the initial injection. 

Dougherty, Chase, and White have presented substantiating evidence for 
the presence of antibody within lymphocytes.** They have also extended the 
eoneept of pituitary-adrenal cortical control of lymphoid tissue structure and 
funetion to embrace control of antibody release from tissue cells.2*-?8 An an- 
alysis of the evidence for the concept of adrenal cortical hormonal control of 
lymphoid structure and function has been the subject of a previous paper?® 
and extensive résumé of related work would be unwarranted here. There is 
little doubt that increased availability of C-11 oxygenated adrenal cortical 
steroids is associated with definite histologic degenerative changes in lymphoid 
tissue. However, there is marked disagreement concerning the influence of 
these hormones on the functional capacity of lymphoid tissue. In some animal 
species adrenal cortical hormone seems to influence the peripheral blood 
lymphocyte count.**** In other species, proof of a specific influence is yet 
fortheoming.2® *? And in man there is at present conflicting evidence in re- 
gard to the existence of a pituitary adrenal cortical mechanism for regulating 
the level of cireulating blood lymphocytes. The hematologic picture in pa- 
tients with Cushing’s or Addison’s disease* suggests a possible relationship 
between the relative numbers of lymphocytes and the activity of the adrenal 
cortex. In absolute numbers, however, the alterations in lymphocytes are 
not as striking as the differences in the polymorphonuclear leucocytes and it 
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is difficult to evaluate the nonspecific secondary effects associated with the 
general metabolic disturbances in such conditions. In the hands of some in- 
vestigators®® a significant lymphopenia has been found to occur in patients 
with normal adrenal function after the administration of adrenocorticotropic 
hormone. Others*’ have not observed any hematologic alterations specifically 
referable to a direct action of adrena! hormones on lymphoid tissue. No in- 
crement of serum gamma globulin or augmented antibody response has been 
found to follow the administration of adrenocorticotropic hormone in human 
beings, as reported by Dougherty and White** in animals. 

The influence of adrenal cortical hormones on the rate of production of 
lymphocytes by lymphoid tissue is also controversial. Some workers*® *° have 
reported a significant reduction in the number of thoracic duet lymphocytes 
produced per unit of time after administration of pituitary adrenotropic hor- 
mone. Data collected in this laboratory failed to show any significant effect 
of adrenal cortical hormone on the rate of production of lymphocytes in nor- 
mal and adrenalectomized ecats.*° 

In spite of the lack of conclusive data concerning the influence of adrenal 
cortical hormone on the productive capacity of lymphoid tissue, considerable 
evidence exists to suggest that alterations in availability of adrenal cortical 
hormone are of importance in the immunologic response of animals.?°-** 
Dougherty and co-workers have reported an appreciable augmentation of 
serum antibody titer in mice by injections of adrenal cortical hormone or by 
exposure of the animals to various noxious stimuli designed to promote in- 
creased hormonal secretion by the adrenal cortex, such as roentgen radia- 
tion.*® * 

Other investigators have not all been able to demonstrate the potentiating 
influence of adrenal cortical hormones on antibody formation. Experiments 
performed in this laboratory in connection with the effects of x-ray on im- 
munologie processes in rabbits*® failed to show any alteration in the level of 
serum antibody by exposure to either small or large doses of x-ray, in spite of 
marked destruction of lymphoid tissue. Eisen and associates,** 44 using quan- 
titative serologic methods, could detect no alteration in serum globulin or 
antibody as a result of alterations in availability of adrenal cortical hormone 
in mice. Houghton and coworkers* could not find any impairment of the 
response of cats to antigenic stimuli by adrenalectomy, and Murphy and 
Sturm*® obtained data which suggested an actual augmentation of the immune 
response following the procedure. It is therefore apparent that opinion dif- 
fers in regard to the hormonal control of antibody release from lymphoid 
tissue. 

RATIONALE OF EXPERIMENTAL APPROACH 


The purpose of the present work ean be summarized under three headings. 
First, an attempt has been made to repeat under different experimental con- 
ditions the work of previous investigators insofar as the presence of antibody 
protein in lymphocytes is concerned. Second, we have studied the influence 
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of sudden, extensive destruction of lymphoid tissue during the early phases 
of antibody production upon the antibody content of the lymph and blood 
serum. The tool used for this destruction was massive total body roentgen 
irradiation. Third, an extension of this latter phase of the experiment was the 
study of the effect of large doses of adrenal cortical extract on the antibody 
content of thoracic duet lymph. Previous experiments had failed to show 
any significant effect of the administration of adrenal cortical hormone on the 
numbers of cells in thoracic duet lymph in eats. Consequently, experiments 
on the effect of hormone administration have not represented one of the main 
features of this investigation. However, a limited amount of data was col- 
lected pertaining to the influence of large doses of adrenal cortical extract on 
antibody content of lymph, and this has been ineluded in this report. 













Experimental Procedure of Immunization, Cannulation, and 
Lymph Collection 







The experimental animal used throughout was the cat. A standard antigen of typhoid 
vaceine (1,000 million killed organisms per cubie centimeter) prepared by the New York 
State Department of Health Laboratories was used for immunologic purposes. Blood 
samples were withdrawn prior to immunization. Each cat was given 0.2 ¢.e. vaccine sub- 
cutaneously followed by a similar amount intraperitoneally the next day. Four days 
after the first injection the cats underwent thoracic duct cannulation. This time interval 
was chosen because it was advisable that these studies should be undertaken during the 
early stages of antibody formation. Harris and co-workers2° found that in their hands 
the maximal differences between cell antibody titer and that of the lymph and serum 
were detected around four to five days after inoculation. All cats used showed a definite 
serum antibody titer at this time. 











Cannulation was performed under pentobarbital sodium anesthesia using the same 
operative technique as previously described.29 Lymph was allowed to flow freely from 
the small glass (silicone-coated*) cannula into a graduated 15 ¢.e. centrifuge tube con- 
taining a small amount of 1 per cent sodium heparin in saline. Care was taken to pre- 
vent contamination of the lymph by blood or serum, and any specimen so contaminated 
was discarded. Hydration of the animals was maintained by subcutaneous injections of 
isotonic saline in amounts of approximately double that lost as lymph. The lymph 
collected was then subjected to the studies to be described. 









Experimental Procedure to Demonstrate the Presence or Absence of 
Antibody in Lymphocytes 







I. —After immunization, each of the six animals in Group I was subjected to thoracic 
duct cannulation. Lymph was collected as a single volume for the entire period of lymph 
drainage (five to seven hours). The lymph was then centrifuged until all the cells had 
been removed from the supernate. A specimen of this cell-free lymph was stored in the 








frozen state for titration. 

The packed lymphocytes were resuspended in a volume of heparinized saline approx- 
imately equal to the original volume of lymph and recentrifuged. This washing process 
was carried out three times in large volumes of the heparinized saline, care being taken 
with each washing to break up gently the clumps of lymphocytes so that they would be 
washed free of any lymph fluid. The final fourth washing was performed with approx- 
imately 14 ¢.c. of saline in 15 ¢.c. centrifuge tubes. A specimen of this last washing fluid 















*Dri-film 9987, supplied by General Electric Corporation, 
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after centrifugation was preserved for titration. The total volume of fluid was then 
reduced to 1.25 ¢.¢c., and the packed, washed cells in the bottom of the tube were re- 
suspended carefully in this small volume. Cell counts and smears were made on this 
suspension after mixing. It was not possible in every instance to separate completely 
all clumps of lymphocytes by agitation before counting. In such cases, the counts must 
be regarded as only rough approximations. Nevertheless, it can be observed from Table I 
that all suspensions were extremely cellular, the lowest total count per millimeter? being 
47,000 cells and the highest 178,500 cells. Smears made from the suspensions showed good 
preservation of lymphocyte morphology in all cases and revealed that lymphocytes com- 
prised almost the total number of cells in each suspension. After counts were obtained, 
the cell suspension was again centrifuged, and the supernatant saline removed. One cubic 
centimeter of distilled water was added to the packed-washed lymphocytes, and partial 
lysis of the lymphocytes resulted. 

Before titrations were carried out, both the specimen of cell-free lymph and the sus- 
pension of lymphocytes in distilled water were subjected to alternate rapid freezing and 
thawing six times, employing a dry ice-acetone solution as the freezing media. Both cell- 
free lymph and the lymphocyte suspension were similarly treated in order to eliminate 
any possible effect of the procedure or antibody protein as a source of difference between the 
titers of the two. After lysis in this manner, the remaining emulsion was subjected to centrifu- 
gation to remove the particulate cell stroma which would render performance of agglutination 
tests difficult. Titrations were then carried out (Wadsworth47) on the cell extract, the cell- 
free lymph, the final washing fluid, and on serum collected before immunization, at the 
onset of cannulation and at the end of the experiment. Standard ‘‘H’’ (flagellar) and 
‘*O’’ (somatic) antigens prepared by the New York State Department of Health Labora- 
tories were used. The first dilution of cell extract, lymph, or serum was 1 to 10 for this 
series of titrations. Subsequent dilutions progressed by double in each tube. The tubes 
were incubated at 37° C. for twelve to eighteen hours. The wide variation of serum 
antibody titer from animal to animal is indicative of the individual differences in the 


degree of immunologic response. 


Results: As shown in Table I, in none of the six eats included in Group I 
was it possible to detect antibody in extracts of rich suspensions of washed 
lymphoeytes. Each animal, however, had a demonstrable antibody titer in 
both the blood serum and lymph fluid at the time of cannulation. In two 
instanees (Cats 694 and 712) the blood serum was found to contain agglutinat- 
ing substances for typhoid ‘‘O’’ antigen prior to experimental immunization. 
These two animals probably should not, therefore, be regarded as comparable 
to the larger group. Nevertheless, in no instance, no matter what the titer 
of antibody in the blood serum or lymph, was any antibody found within 
the extract of lymphocytes. 

It will be noted that in almost every instance the titer of the cell-free 
lymph fluid was slightly lower than that of the blood serum. The absence of 
any titer in the final washing fluid demonstrates that any detectable amount 
of antibody had been washed free of the lymphocytes by the procedure. It 
will also be observed that in three instances there was a significant rise in 
serum antibody concentration during the course of thoracie duct drainage. 
The possible importance of this rise will be discussed later. 

The completely negative titers in the extracts of these highly cellular 


lymphocyte suspensions indicate the lack of titrable antibody within the 
lymphoeytes as studied under the conditions of the experiment. 
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TABLE II. COMPARATIVE TITRATIONS OF SERUM, CELL-FREE LYMPH, AND CELL-RICH 




















LYMPH SPECIMEN 





SPECIMEN REPRESENT: 










































































l LYMPH SPECIMEN | | 
GROUP | FIRST TWO-HOUR PERIOD | | FIRST TWO-HOUR PERIO)) 
II SERUM ANTIBODY TITER | BEFORE X-RAY | | AFTER X-RAY 
| "ANTIBODY TITER a ANTIBODY TITER 
AT TIME OF S AT END OF CELL-FREE CELL-RICH | CELL-FREE CELL-RIC il 
CANNULATION EXPERIMENT LYMPH LYMPH lon LYMPH LYMPH 
CAT H = 0 H 0 H 0 2 H 0 H 
549 {1/40 0 —Was 0 1/80 0 1/40 0 | 1/80 0 1/40 ( 
| 90,000* “a 31,500* 
608 |1/1,280 1/1,280/1/2,560 1/320 | 1/160 1/320 | 1/160 1/80 |S] 1/320 1/80] 1/160 
159,500* a 127 ,500* 
582 |1/80 1/160 |1/160 1/160 0 1/20 0 1/20 |*} 1/20 1/40 0 
73,500* "y 76,000* 
651 0 1/320 |1/20 1/320 0 1/40 0 1/40 |.& 0 1/40 0 / 
78,000* . 50,000* 
641 [1/20 1/80 /|1/40 1/1,280| 0 1/80 0 1/40 |'% 0 1/40 0 / 
129,000* = 85,500" 
657 |1/1,280 1/160 |1/5,120 1/320 | 1/320 1/20 | 1/80 ____ |'“| 1/160 1/40]! 1/160 
311,000* | 95,000* 
643 |1/320 1/320 |1/320 1/2,560/ 1/20 1/80 | 1/20 1/80 | 1/40 1/80 | 1/80 
74,000 | 46,000* 
676 1/20 1/80 |1/160 1/160 | 1/20 1/40 | 1/40 1/40 | 1/40 1/20 | 1/40 
| | | 74,200* | | 52,500* 














*Figure represe nts lymphocytes per cubic millimeter in 1 e.c. of cell-rich lymph. 





IT.—In the following experimental approach, the repeated washing and handling of 
the lymphocytes was eliminated, excluding this as a possible source of loss of lymphocytic 
antibody protein during the procedures. The lymph from each cat was collected in two- 
hourly volumes, and the amount of each specimen recorded. After thorough mixing of the 
lvmph for five minutes, duplicate cell counts were made and the specimen then was 
centrifuged. Approximately 1 ¢.c. samples of the supernatant, cell-free lymph were with- 
drawn. The remaining volume of the supernate was reduced to about 1 ¢.c. by pipetting 
off the excess cell-free lvmph. The packed cells in the bottom of the centrifuge tube 
were resuspended and thoroughly mixed in the remaining 1 ¢.c. of lymph fluid for five 
minutes. White cell counts were made from this specimen to determine the cell con- 
centration and a smear was made to study the cellular morphology. In each case lymph 
was collected and handled in this fashion every’ two hours for the duration of the ex- 
periment. Blood specimens for titration were obtained just before cannulation and at 
the completion of the experiment. 

As in the previous experiment, the lymph in each specimen collected for titration 
was alternately frozen and thawed six times. The cell-free and cell-rich specimens were 
each subjected to this procedure in order to eliminate alteration of antibody by the lysing 
process as a possible source of any significant difference in antibody titer between the 
two. In most instances the cell-rich lymph contained a gelatinous residue after lysis of 
the cells and this was removed by a stirring rod. Titrations against standard ‘‘H’’ and 
‘“Q’’ antigens were then carried out for each specimen and were read the next day (twelve 
to eighteen hours later) 

Every cat used showed a low but detectable serum antibody titer at the time of 
cannulation. This titer varied widely from animal to animal, thus indicating that each 
animal was individual in the rapidity with which its immunologic mechanism responded 
to the antigen. However, all must have been in the initial phases of antibody production 
since the time elapsed from the onset of immunization was so short. No attempt was made 
to compare the antibody responses of different cats, each animal representing a distinct 
experiment. 
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SPENSIONS BEFORE AND AFTER EXPOSURE TO 1500 Rk WHOLE Bopy X-Ray; Each LyMPH 
\0-E OUR COLLECTION 






































LYMPH SPECIMEN LYMPH SPECIMEN LYMPH SPECIMEN 
$COND TWO-HOUR PERIOD THIRD TWO-HOUR PERIOD FOURTH TWO-HOUR PERIOD 
AFTER X-RAY AFTER X-RAY AFTER X-RAY 
ANTIBODY TITER ANTIBODY TITER ANTIBODY TITER 
CE] L-FREE CELL-RICH CELL-FREE CELL-RICH CELL-FREE CELL-RICH 
LY MPH LYMPH LYMPH LYMPH LYMPH LYMPH 
Il 0 ed 0 H 8) H ie) H 0) H oO 
1/16 0 1/80 0 1/320 1/20 1/320 1/160 1/320 0 1/320 0 

13,300* 7,200* 13,750* 
1/320 = 1/160 1/320 = 1/320 1/320 1/160 1/160 1/160 1/640 1/160 1/640 1/160 

27,000* 40,200* 8,900* 

1/40 1/40 1/20 1/40 1/40 1/40 1/40 1/40 1/40 1/80 1/40 1/40 
37,000* 22,000* 15,400* 

0 1/40 0 1/40 0 1/40 0 1/40 0 1/40 0 1/40 
21,000* 15,200* 11,700* 

) 1/20 0 1/20 0 1/40 0 1/20 1/20 1/40 0 1/40 
24,000* 20,300* 26,500* 

1/320 1/40 1/320 1/40 1/320 1/40 1/160 1/40 1/160 1/40 1/320 1/40 
36,450* 31,000* 17,100* 

1/40 1/40 1/80 1/40 1/40 1/40 1/40 1/40 1/80 1/40 1/40 1/80 
45,000* 7,150* 4,050* 

1/40 1/20 1/40 1/40 0 1/80 1/20 1/80 1/40 1/40 1/40 1/40 
35,000* 8,700* 6,900* 

Results: The animals used for this phase of the experiment are included 





in Groups II and III. The data collected are presented in Tables II and III. 
Comparative antibody titrations were made between the cell-free and lysed 
cell-rich fractions of fifty-seven separate specimens of lymph. Since titra- 
tions were made against both typhoid ‘‘H”’ and typhoid ‘‘O”’ antigens, this 
represented a total of 114 comparisons between the antibody content of cell- 
free lymph and that of the lysed eell-rich fraction of the same specimen. Of 
this total number of comparative titrations, there was no significant difference 
between the antibody concentration of cell-rich and cell-free lymph specimens 
except in five instances. In three of these, the antibody titer was higher in the 
eell-free lymph than in the lymph which had been rich in cells before lysing. 
It is apparent, therefore, that in only two instances did the lysed cell-rich 
specimen contain significantly more titrable antibody than the cell-free lymph 
plasma. In view of the small percentage of comparisons indicating a higher 
coneentration of antibody in the cell extract and the roughly equal percentage 
of comparisons yielding the opposite results, it is quite apparent that no valid 
evidence of the presence of antibodies within the thoracic duet lymphocytes 
was obtained in these experiments. . 

It is interesting to note the extremely high lymphocyte concentration in 
some of the specimens examined. Thus, one special collection (not included 
in Table IL) contained 550,000 cells per millimeter* of lymph. The antibody 
titer of this sample after lysing of the cells was ‘‘H’’ 1/160 and ‘‘O”’ 1/320. 
The titer of the cell-free portion of the same collection was ‘‘H’’ 1/80 and 
‘*O’’ 1/640. It is evident that no significant difference in antibody coneentra- 
tion existed between the two samples of lymph. Other cell-rich specimens 
were obtained, one with a count of 311,000 lymphocytes per millimeter*, and 
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TABLE III. CoMPARATIVE TITRATIONS OF SERUM, CELL-FREE LYMPH, AND CELL-RIcH Lymp 
EXTRAC 
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| LYMPH SPECIMEN op LYMPH SPECIMEN 
GROUP FIRST 2-HOUR PERIOD m FIRST 2-HOUR PERIOD 
lil SERUM ANTIBODY TITER BEFORE HORMONE & AFTER HORMONE 
ANTIBODY TITER > ANTIBODY TITER : 
AT TIME OF AT END OF CELL-FREE CELL-RICH = CELL-FREE CELL-RICH 
CANNULATION EXPERIMENT LYMPH LYMPH 4 LYMPH LYMPH 
CAT H 0 H i@) H @) H 0 pe H 0 H 0 
650 | 1/20 1/40 | 1/40 1/20 0 1/40 0 1/80 s/f 0 41/20 0 1/20 
15,400* S. 9,400* 
661 | 1/40 1/80 0 1/40 0 1/40 | O- 1/40 0 1/40 
95,500* a 41,500* 
595 | 1/80 1/6406 | 1/640 1/1,280| 1/80 1/80 | 1/40 1/80 §&| 1/40 1/80 | 1/40 1/16M/s 
140,000* 5 232,500* 
584 | 1/40 1/640 | 1/160 1/1,280/ 0 1/40 0 1/4 $| O- 1/40 0 1/40 
206,000* © 136,500* 

















*Figures represent lymphocytes per cubic millimeter in 1 ¢c.c. cell-rich lymph. 


six with concentrations from 100,000 to 200,000 cells per millimeter*, and 
seventeen with counts between 40,000 and 100,000 per millimeter*. In no in- 
stance was the antibody concentration of any of these cellular lymph suspen- 
sions higher than that of the cell-free supernate from the same lymph collec- 
tion. These data are included in Tables IT and ITI. 

In addition to the twelve animals included in Groups II and III there were 
three animals who were subjected to the same procedure but were not included 
for analysis. The results obtained from one cat were excluded because the 
presence of a specific serum antibody titer before immunization did not con- 
form with the negative preimmunization titer for the other animals. Another 
experiment was discarded because all the titrations with typhoid ‘‘O”’ antigen 
were overgrown with Bacillus pyocyaneus. A third animal failed to develop a 
detectable antibody in the lymph. It is noteworthy in regard to this animal, 
however, that the serum antibody titer was positive at the onset of cannulation 
(‘‘O”’ %o) and rose significantly during the period of lymph drainage (‘‘O”’ 
1%, at end of experiment). In spite of this, no antibody could be detected in 
any of the lymph specimens throughout the day. Two other animals were 
studied for an insufficient period of time to be included in the group for analysis. 
One of these had been hyperimmunized with typhoid vaccine prior to cannula- 
tion and demonstrated a high antibody titer of equal degree in both serum and 
lymph. 

None of these animals yielded any results which conflicted with those in- 
eluded in Tables II and III. Thus, in no instance were the data indicative, or 
even suggestive, of the presence of more antibody in the lymph containing 
extracts of lymphocytes than in the cell-free lymph. 


The Effect of Massive Whole Body X-ray on the 
Antibody Content of Lymph 


The animals included in Group II each were exposed to 1,500 whole body x-ray two 
hours after cannulation, a preliminary lymph sample for base line determinations having 
been collected as described. The irradiation was delivered at 250 KVP at 15 Ma. through 
aluminum parabolic plus % mm. copper filters, the output being 28 r per minute and the 
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SPENSIONS BEFORE AND AFTER ADMINISTRATION OF 25 c.c. AQUEOUS ADRENAL CORTICAL 
BCL TANEOUSLY: 


Cl 




















LYMPH SPECIMEN LYMPH SPECIMEN LYMPH SPECIMEN 
SECOND 2-HOUR PERIOD THIRD 2-HOUR PERIOD FOURTH 2-HOUR PERIOD 
AFTER HORMONE AFTER HORMONE AFTER HORMONE 
ANTIBODY TITER ANTIBODY TITER ANTIBODY TITER 
\L-FREE CELL-RICH CELL-FREE CELL-RICH CELL-FREE CELL-RICH 
YMPH LYMPH LYMPH LYMPH LYMPH LYMPH 
0 H 10) H 0 H 0 H 0 H 0 
1/160 0 1/20 0 0 0 0 0 0 0 1/20 
17,400* 18,850* 17,200* 
1/40 0 1/20 Animal expired 
51,500* 
1/80 1/40 1/40 1/80 1/80 1/80 1/80 Experiment 
100,000* 42,800* terminated 
1/40 0 1/40 0 1/40 0 1/40 0 1/160 0 1/320 
152,000* 49,500* 67,500* 




















target distance twenty-two inches to the center of the cat. This amount of x-ray is much 
greater than the lethal range for cats and was chosen so that there would be no doubt 
that a maximal destruction of lymphoid tissue had been accomplished. 

Lymph specimens were collected every two hours for eight hours after x-ray and 
handled as described previously. At the end of this time blood was collected for anti- 
body titration and the animal sacrificed. This amount of x-ray causes a fairly uniform 
and progressive fall in thoracic duct lymphocytes over the eight-hour period, so that the 
specimens collected toward the end of the experiment usually had a low lymphocyte content. 


Results.—The massive whole body roentgen radiation to which these animals 
were exposed was given with the intention of destroying large numbers of 
lymphoid cells over a short period of time. If lymphocyte precursors sus- 
ceptible to damage by roentgen radiation contain significant antibody protein, 
sudden extensive destruction of large numbers of these cells should result in a 
sharp rise in the antibody concentration of the lymph fluid. Since thoracic 
duct lymph normally contains relatively large numbers of cells, almost all of 
which are of the lymphocytic series, such a phenomenon should be more easily 
demonstrable in lymph than in the blood. 

In every case the lymphocyte content of the lymph fell progressively after 
exposure to x-ray. This fall is a result of the destructive action of x-ray on 
lymphoid tissue with impairment of lymphocyte production. An analysis of the 
effect of x-ray on the rate of lymphocyte production has been the subject of 
another report*® from this laboratory and will not be discussed here. Suffice it 
to say that the marked impairment of lymphocyte production is a reflection of 
degenerative changes brought about in lymph nodes by roentgen radiation. 


In spite of the widespread destruction of lymphoid eells, no appreciable 
alteration in antibody concentration of the lymph was detected. Thus, two 
hours after exposure to x-ray, the antibody concentrations of both cell-free and 
eell-rich lymph specimens were approximately the same as those of cell-free and 
eell-rich lymph before x-ray for every animal except one (Cat 608). In this 
instance, the ‘‘O’’ titer of the cell-free lymph fell from 4409 to Yo after x-ray. 
Such a reduction in titer is just the opposite of the theoretical response one 
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would expect if the damaging influence of x-ray were causing a release of anti- 
ody protein from the lymphocytes into the surrounding lymph. Titrations at 
the end of four hours were also approximately the same as before x-ray in all 
animals except Cat 582, which showed a positive ‘‘O”’ titer of 149 in the cell-free 
lymph at this time, whereas before x-ray no titer was detected. As shown in 
Table II, three of the animals (Cats 608, 549, and 582) showed a tendency for 
the lymph antibody titer to rise toward the end of the eight-hour period follow- 
ing x-ray. All the other animals showed no appreciable alteration in lymph 
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TIME IN HOURS AFTER CANNULATION 


Fig. 1.—Graphic representation of the comparative antibody concentrations of cell-free 
and cell-rich lymph in nine cats, the lymph specimens being collected every two hours. The 
values for lymphocytes represent the average number of cells in each two-hour lymph specimen 
per millimeter’, 


antibody titer from the beginning to the end of the experiment. Fig. 1 shows 
the reduction in the average numbers of lvmphoeytes in thoracic duet lymph 
after exposure to x-ray and the slight rise in average antibody titer of both 
cell-free and cell-rich lvmph over the ten-hour period of thoracie duct lymph 
drainage. The significance of the slight rise in lymph antibody titer in three 
animals is not apparent. If it were the result of release of immune globulins 
from lymphoeytes into the lymph fluid following x-ray, one would expect a 
more consistent and distinet elevation in the lvmph of all, or at least most of the 
animals. Thus, in the experience of Dougherty and White*! exposure of mice 
to x-ray was followed within two to three hours by a sharp and impressive rise 
in serum antibody titer. It is evident that in no single animal in this group 
was there a sharp rise in lvmph antibody titer of any appreciable degree. In 
the three instanees in which a significant rise in antibody titer after x-ray was 
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observed, the greatest elevation was never more than two tubes (doubling the 
dilution in each tube). Conceivably the rise may have been due to hemorrhagic 
changes in the lymph nodes with diffusion of serum antibody protein into the 
lymph spaces. Or perhaps the protein concentration of the lvmph became 
higher toward the end of the experiment, in spite of water and electrolyte re- 
placement. It is also possible, since lymph fluid is derived from the extra- 
vascular fluid, that the rise in lymph titer, like the rise in blood serum titer 
during the period of the experiment, was not related to the lymphoid structures 
at all. Sinee these various possibilities were not controlled, the mechanism of 
the slight antibody rise in the lymph of these three eats cannct be evaluated 
accurately. Lymphoid tissue destruction with release of antibody into the 
lymph is a possible explanation. However, in view of the lack of consistent 
elevation of antibody titer, in spite of extensive lymphoid tissue destruction 
in all eases, the relative importance of such a mechanism in bringing about an 
inerement in antibody concentration seems negligible. 

The blood serum antibody titer rose significantly during the period of 
cannulation (ten hours) in four instanees (Cats 641, 657, 643, and 676), or in 
exactly 50 per cent of the animals. The mechanism of this antibody increase 
in the serum, in spite of the removal of the major portion of all lymph con- 
tents and the functional ablation of all lymphoid tissue by x-ray, is of con- 
siderable speculative interest. This will be considered further in the discussion 
of the results. It will be noted that in one instance (Cat 608) there was a 
significant decrease in the serum antibody titer against typhoid ‘‘O,’’ the ex- 
planation for which is not apparent. 

No consistent correlation was found to exist between the height of the 
serum antibody titer and that of the lymph. Thus, in several instances no 
antibody could be detected in the lymph, in spite of a significant serum anti- 
body titer. The concentration of serum antibody at the end of the experi- 
ment was higher than that of the lymph in all cases except one (Cat 549). 


Experimental Procedure to Demonstrate the Effect of Adrenal Cortical Hormone 
on the Antibody Content of Lymph 

The animals in Group III each were given 25 ¢.c. of aqueous adrenal cortical extract 
(Upjohn) subcutaneously two hours after the onset of cannulation. No attempt was made 
to administer adrenal cortical extract per kilogram of body weight. However, the amount 
given was much more than that previously reported as required for maximal effect on 
lymphoid tissue. Lymph was collected in two hourly volumes after the hormone injection 
and treated as in the case of those animals exposed to x-ray. Serum for titration was 
obtained at the beginning and end of cannulation. 


Results —The failure of adrenal cortical hormenes to influence the rate of 
production of thoracic duet lvmphoeytes in eats has been previously demon- 
strated.2” As indicated in these previous experiments, a fall is noted in the 
numbers of Ivmphoeytes delivered via the thoracie duct per unit of time in 
normal, untreated animals as a result of the procedure of cannulaticn itself. 
This initial fall is unrelated to adrenal cortical activity since it was shown to 
occur in animals previously adrenalectomized irrespective of whether or not 
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adrenal cortical hormone was administered. In the present series the same 
decline in the total lymphocyte content of lymph per unit of time after cannula- 
tion was noted but was not felt to be a result of adrenal cortical hormone 
administration. 

It is apparent that in this limited series of experiments administration of 
adrenal cortical extract in large amounts had no effect upon the relative anti- 
body concentration in cell free and eell-rich lymph. In no instance was a 
significant rise in the antibody titer of cell-free lymph found to occur within six 
hours after hormone injection. Three to six hours is the time interval after 
hormone administration for maximal effect on lymphoid tissue and antibody 
titer, as reported by previous investigators.”° In one instance (Cat 584) a rise 
in lymph antibody titer at the end of the experiment was recorded. The 
mechanism of this rise, as in the case of the three irradiated animals who demon- 
strated the same phenomenon, is not completely clear. Here again it may 
have been the result of release of immune globulins from the cytoplasm of 
lymphocytes, but the possibility that other factors, previously discussed, may 
have entered into the picture cannot be excluded. 

In two instances (Cats 584 and 650) a detectablé serum antibody titer 
for typhoid ‘‘H’’ antigen was present although a negative lymph anti- 
body titer was recorded. Also in two of the four animals of this group, a 
significant rise in serum antibody titer during the period of lymph drainage 
was recorded. 

It should be re-emphasized that none of the comparisons of cell-free and 
cell-rich lymph in this group of animals revealed any higher antibody con- 
centrations in the cell-rich fraction. It will be noted that there were rela- 
tively more specimens which were highly cellular for each animal in this group 
than in those exposed to x-ray. 

DISCUSSION 

It was the purpose of these experiments to study some of the features 
of antibody production by lymphoid tissue and its transport to the eireu- 
lating blood by lymphocytes. It was recognized that the experimental ap- 
proach differed from any employed in previous investigations of this nature. 
However, if the formation of antibody by lymphoid elements and the trans- 
port of antibody to the blood by lymphocytes represents a major factor in 
the total immunologic response of the animal, the technique used in these 
experiments should provide a valid means to study these phenomena. Thus, 
collection of all the lymphocytes and lymph draining from areas presumed 
to be participating in immune globulin production should yield detectable 
antibody in extracts of these lymphocytes, if they represent a major source 
of transport of antibody into the circulating blood. The thoracic duct repre- 
sents the final main stream for the flow of lymph after the entrance of 
lymphatie tributaries from all regions of the body below the diaphragm. Since 
the antigen injections were intraperitoneal and into the subeutaneous area 
of the back, it is apparent that at least part of the total lymph collected was 
draining from lymph nodes concerned in the uptake of antigen. The lympho- 
cytes originating in this nodal tissue would presumably contain antibody. 
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The absence of any detectable antibody in the extracts of concentrated 
suspensions of washed lymphocytes collected during a period of active anti- 
body production can be interpreted only as indicative of the very low or 
negative titrable antibody content of lymphocytes as measured in these ex- 
periments. The negative results obtained by this technique were substanti- 
ated by the large number of comparisons of relative antibody content of cell- 
free lymph. fluid and lymph containing many lymphocytes which had been 
artificially lysed in order to release their contents into the lymph fluid. 


It is not readily apparent why the experimental approach used should 
yield negative results in view of the positive findings of others in studies on 
the crude extracts of minced lymph nodes as well as on the lymphocytes col- 
lected from a single lymph node draining the site of antigen injection. The 
conflicting data may perhaps be partially explained by differences in experi- 
mental techniques. There are possible objections to these and other experi- 
mental methods which merit critical evaluation. For instance, it might be 
argued that the method of cell lysis employed resulted in antibody remaining 
in some manner inalterably bound to cell stroma and ineapable of appearing 
free in the fluid lymph. Such argument appears negated by the fact that 
similar technique has been employed with positive results in experiments by 
other investigators. It is also conceivable, for example, that the amount of 
antibody protein within each lymphocyte may have been so small that detee- 
tion would be difficult simply on the basis of the range of antibody concentra- 
tion. This possibility was counteracted as adequately as possible by studying 
the antibody content of very large numbers of washed lymphocytes suspended 
in a relatively small volume of.fluid. Under these conditions, detection of 
any antibody, even of low titer, would be considered significant evidence of 
the presence of antibody within lymphocytes. On the basis of experiments by 
previous investigators in which high coneentrations of antibody were found 
in extracts of washed, minced lymph node tissue, it was anticipated that the 
demonstration of significant amounts of antibody in eell-rich suspensions 
would not be difficult. The complete absence of titrable antibody in any of 
these suspensions, however, indicated that the presence of antibody within 
lymphocytes could not be detected by this technique. It was realized that 
even small amounts of antibody in each lymphocyte entering the blood would 
be significant because of the rapid turnover of these cells and the processes 
of body metabolism which conserve serum protein. Thus, repeated contribu- 
tions of antibody, however small, if sufficient in number would ultimately 
result in substantial titers. It can be stated, however, that under these cir- 
cumstances detection of such small amounts of antibody in cells would be 
rendered very difficult by any approach. 

There also is the possibility that the antibody protein within lympho- 
cytes may exist in an incomplete form which has not developed specificity. 
In such an event detection by specific immunologic titration would be impos- 
sible. This contingency, which is not supported by any evidence, has not 
been cireumnavigated by any method yet employed. 
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It may also be argued that antibody was not found in extracts of lympho- 
cytes in these experiments since perhaps only a certain percentage of lympho- 
cytes collected were produced in areas concerned with the initial uptake of 
antigen and subsequent antibody production. Following this line of reason- 
ing, a small amount of antibody protein in some of the cells may have been 
obseured by the contents of other cells not transporting antibody. Such a 
possibility cannot be completely excluded. Nevertheless, as previously stated, 
it is likely that a large number of lymphoid areas participated in the uptake 
of antigen and that the products of these nodes entered the thoracie duct 
system. These lymphoid areas were presumed to be actively producing anti- 
body at the time of cannulation. It would seem probable, if antibody forma- 
tion by lymphatic tissue and transport to the blood by lymph represents a 
major factor in the elevation of serum antibody concentration, that collection 
of all thoracie duet lymph and its contents for a several hour period during 
the stage of active antibody production would yield significant amounts of 
titrable antibody. 

Species difference may conceivably have accounted for the negative re- 
sults in eats as contrasted to the positive findings of previous investigators 
in miee and rabbits. The possibility that lymphoid tissue varies in its fune- 
tions from one mammalian species to another can be clarified only by further 
investigation. The only conclusion reached from these experiments is that 
demonstration of antibody within lymphocytes of the cat was not possible 
using a technique basically similar to that employed by previous workers in 
different species. 

The centinued rise in serum antibody titer in eight of the animals during 
the course of thoracic duct drainage easts further doubt upon the necessity 
of lymphatie transport of antibody for the development of high serum anti- 
body levels. The possibility exists that antibody protein formed within lymph 
nodes may have entered the blood stream directly through the vascular sys- 
tem of the nodes themselves. Diffusion of protein across capillary endothelial 
membranes from lymph is not thought to oceur*® and consequently actual 
intravascular production of antibody in lymphoid areas would seem necessary 
in this event. The coneept under question, however, deals with antibody 
formed in lymph nodes and transported to the blood stream by the lympho- 
cytes produced in the same area. The normal route of entrance of lympho- 
eytes into the cireulating blood is via the lymphatic system.’ ** It is ap- 
parent that removal of practically all lymph before its entrance into the circu- 
lating blood eliminated lymphatie transport of antibody from any lymphoid 
tissue draining into the ductile system as a contributing factor in the subse- 
quent rise of serum antibody concentration. However, it is appreciated that 
not all entranees of lymph into the cireulating blood were blocked in these 
experiments. In performing the operation, small tributaries from the head 
and left foreleg were usually ligated. Small duets from the right foreleg, 
head, and thorax may have had separate channels of entrance into the blood. 
However, not more than a small percentage of the total lymphoid tissue of the 
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body could have retained access to the blood through the normal channels, 
and these few areas must have been relatively far removed from the site of 
antigen injections. If it is maintained that the increase in serum antibody 
titer after cannulation was due to the continued production of antibody 
by this small amount of lymphoid tissue whose products still had access to 
the blood by the lymphatic route, then several observations are apparent 
which conflict with the coneept of antibody formation by local lymphatie 
tissues. First, it would be necessary to concede that antibody production had 
rapidly become a generalized process, taking place in all lymphoid tissue 
rather than primarily in that tissue concerned with the uptake of antigen. 
Second, the rate of antibody formation by this small amount of lymphoid tis- 
sue with an available lymphatic entrance into the blood would have to be very 
great, and the concentration of antibody within the lymphocytes transporting 
it to the blood would necessarily be quite high. The possibility that the eleva- 
tion in serum antibody could have depended upon the small amount of lymph 
still having aecess to the blood seems particularly remote in those experi- 
ments in which animals were subjected to heavy whole body irradiation. It 
seems reasonable to conelude little likelihood exists that the observed rise in 
serum antibody titers can be explained by such a mechanism. 


There are other factors which may have been responsible for the con- 
tinued rise in serum antibody in spite of removal of most of the lymph econ- 
tents and cessation of antibody formation by lymphoid tissue. Thus, the rise 
may have been due to (1) continued immune globulin production by some 
tissue more radioresistant than lymphoid cells and not dependent upon 
lymphatie transport of its products to the circulating blood, (2) release of 
preformed antibody directly into the blood stream, or (8) marked hyper- 
globulinemia as a result of hemoconecentration with a concomitant inerease in 
antibody concentration per unit volume of serum without an actual rise in 
the total amount of cireulating antibody. An attempt to combat this latter 
factor was made by parenteral administration of isotonic saline solution in 
amounts about double the volume of lymph lost. It is, therefore, improbable 
that hemoconeentration was of great importance in the elevation of serum 
antibody. 

The relative importance of the first two mentioned mechanisms is, of 
course, hypothetical. The data would indicate that release of ‘significant 
amounts of antibody protein from cells of the lymphoid series does not.oceur 
even after massive roentgen radiation. Whether some other type of eell 
might release antibody protein into the serum when damaged by x-ray ean- 
not be judged from these experiments. That antibody production in rabbits 
ean go on after lymphoid tissue has been severely damaged was indicated in 
previous experiments performed in this laboratory.‘? Thus, exposure of the 
animals to large doses of x-ray five days after immunization failed to alter in 
any way the rate or degree of antibody appearance in the blood in spite of 
widespread damage to lymphoid tissue. In view of this evidence it is prob- 
able that continued production of antibody by some tissue not immediately 
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destroyed by x-ray offers the best explanation of the continued rise in the 
serum antibody in these animals. 

The exposure of these animals to massive doses of x-ray was based on the 
assumption that if lymphoid cells contain antibody protein the resulting cell 
damage would be reflected in alterations in the intracellular and extracellular 
antibody content. The extreme sensitivity of lymphoid elements to roentgen 
rays is well known. The amount delivered to these animals was far in excess 
of that required to cause widespread damage to lymphoid tissue and was used 
in order that the destruction of this tissue would be unquestionable. Of 
course, there is reason to believe that mature lymphocytes may be relatively 
undamaged by irradiation of this degree and that the chief site of damage is 
the progenitor cells. If the latter contain antibody in any appreciable amount, 
the extensive cell damage wrought by the x-rays would have released anti- 
body into the surrounding fluid, provided that such a phenomenon can occur 
after cell destruction. If lymphocytic dissolution, as caused by roentgen 
irradiation, is capable of causing such a rise in serum antibody titer, the 
phenomenon should, then, be all the more pronouneed in lymph. The results, 
however, fail to show any sharp or distinct alteration in lymph antibody titer 
after x-ray exposure. It is, therefore, unlikely that an inerease in serum 
antibody could be attributed to release of ar tibody from lymphoid eells. That 
marked lymphoid tissue destruction had been brought about is evident from 
the rapid decline in lymphocyte production over the eight-hour period of 
thoracic duct drainage. The absence of any appreciable augmentation of 
antibody titer of the cell-free lymph was interpreted as supportive evidence 
for a lack of titratable antibody within lymphocytes. 

The theoretical influence of excessive amounts of adrenal cortical hor- 
mones on lymphoeytes, according to the concept of pituitary-adrenal cortical 
control of lymphoid structure and function, would be one of dissolution and 
degeneration. This lymphocytic dissolution has been stated to release gamma 
globulin from the cell cytoplasm into the serum, and in the ease of the immunized 
animal, the result is said to be an elevation of the serum antibody titer. The 
amount of data collected in these experiments in regard to this influence of 
adrenal cortical hormones on antibody titer is relatively small. However, 
there was no evidence of any change in antibody titer attributable to hormone 
injection. The failure of both massive irradiation and the administration of 
adrenal cortical hormone to influence the lymph antibody titer in eats sug- 
vests that more work is necessary in elucidating the role of lymphoid tissue 
in the inmunologie mechanism of different species. 


SUMMARY AND CONCLUSIONS 


1. A review of the existing knowledge of the relationship of lymphoid 
tissue and the lymphocyte to immunologic processes is presented. Brief analy- 
sis is made of the theory of pituitary-adrenal cortical control of lymphoid 
tissue structure and function. 
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2. An experimental approach is presented for the study of the antibody 
content of lymphocytes collected from the thoracic duct lymph of cats. Using 
the technique described, typhoid vaccine as an antigen, and the cat as the 
experimental animal, no antibody could be detected within extracts of washed 
lymphocytes. Comparative titrations of the relative antibody content of 
lymph fluid free of cells and lymph containing large numbers of lympho- 
eytes which were artificially lysed in order to release their protein content 
into the surrounding lymph fluid also failed to indicate the presence of any 
antibody within the lymphocytes. 

3. A group of cats was exposed to 1,500 r whole body roentgen radiation 
during the period of thoracic duct drainage. This amount of x-ray is in ex- 
cess of the dosage required for maximal lymphoid tissue destruction. Lympho- 
cyte production diminished markedly after this procedure as evidenced by 
the fall in output of thoracic duct lymphocytes. Exposure of the animals to 
x-ray did not significantly alter the antibody content of the cell-free lymph 
fluid. This is interpreted as indicative of the slight or negligible amount of 
antibody released from lymphoid tissue by x-ray damage of cells. 

4. It was observed that the antibody concentration in the blood serum 
rose significantly during the period of thoracic duct drainage (six to eight 
hours) in 50 per cent of the animals. This was true in those animals exposed to 
x-ray as well as the others. This continued rise in serum antibody titer in 
spite of lymph drainage, particularly in those animals exposed to x-ray two 
hours after operation, suggests either continued antibody formation by some 
more radioresistant tissue than lymphoid or release of preformed antibody 
from cells or tissue spaces directly into the blood without the necessity of 
lymphocytic transport of antibody. 

5. Administration of large doses of adrenal cortical hormones (Upjohn) 
to a small group of eats failed to cause any significant alteration in the anti- 
body content of cell-free lymph fluid. 

6. A discussion of the results is presented, emphasizing the possible 
criticisms of the technique used. It is concluded that, under the experimental 
conditions of the experiments, no evidence for lymphocytic transport of anti- 
body to the blood was found. 

REFERENCES 


1. Adams, W. S., Saunders, R. H., and Lawrence, J. S.: Output of Lymphocytes in Cats 
Including Studies on Thoracic Duct Lymph and Peripheral Blood, Am. J. Physiol. 
144: 297-304, 1945. ; 

. Reinhardt, W. O.: Growth of Lymph Nodes, Thymus, and Spleen and Output of 
Thoracic Duct Lymphocytes in the Normal Rat, Anat. Rec. 94: 197-211, 1946. 

3. Drinker, C. K., and Yoffey, J. H.: Lymphaties, Lymph, and Lymphoid Tissue, 
Cambridge, Mass., 1941, Harvard University Press. 

4. Hartley, G., Jr.: Local Formation of Antivaccinal Antibodies by Skin, J. Infect. Dis. 
66: 44-52, 1940. 

5. Wilson, G. I., and Miles, A. A.: Topley and Wilson’s Principles of Bacteriology and 
Immunity, Baltimore, 1946, William & Wilkins Company. 

6. Gay, F. P., and Clark, A. R.: The Reticulo-Endothelial System in Relation to Anti- 
body Formation, Proc. Soe. Exper. Biol. & Med. 22: 1-3, 1924. 

. Benjamin, E., and Sluka, E.: Antikérperbildung nach experimenteller Schidigung 
des hematopoetischem Systems durch Roéntgenstrahlen, Wien. klin. Wehnschr. 21: 
311-313, 1908. 


bo 








8. Hektoen, L.: Further Observation on the Effects of Roentgenization and Splenec- 


CRADDOCK, JR., VALENTINE, AND LAWRENCE 


tomy on Antibody Production, J. Infect. Dis. 27: 23-30, 1920. 

. Hektoen, L.: Further Studies on the Effects of the Roentgen Ray on Antibody Pro- 
duction, J. Infect. Dis. 20: 28-33, 1918. 

. Hektoen, L.: The Effect of Benzene on the Production of Antibodies, J. Infect. Dis. 19: 
69-84, 1916. 

. Meyer, K., and Loewenthal, H.: Untersuchungen iiber antikérperbildung in Gewebe- 
kulturen, Ztschr. f. Immunitatsforsch. u. exper. Therap. 54: 409-419, 1928. 


2. Bjgrneboe, M., Gormsen, H., and Lundquist, F.: Further Experimental Studies on 


the Role of Plasma Cells as Antibody Producers, J. Immunol. 55: 121, 1947. 


3. Fagraeus, A.: Plasma Cellular Reaction and Its Relation to the Formation of Anti- 


bodies in Vitro, Nature 159: 499, 1947. 

. Dougherty, T. F.: Plasma Cell Response in Immunized Animals, Am. J. Med. 4: 
619, 1948, (abstracted in the Proceedings of the Western Society for Clinical 
Research). 


5. McMaster, P. D., and Hudack, 8. 8.: The Formation of Agglutinins Within Lymph 


Nodes, J. Exper. Med. 61: 783-807, 1935. 


i. MeMaster, P. D., and Kidd, J. G.: Lymph Nodes as Source of Neutralizing Principle 


for Vaccinia, J. Exper. Med. 66: 73-100, 1937. 

. Kass, E. H.: The Occurrence of Normal Serum Gamma-Globulin in Human Lympho- 
cytes, Science 101: 337-338, 1945. 

. Ehrich, W. E., and Harris, T. N.: The Formation of Antibodies in the Popliteal 
Lymph Nodes of Rabbits, J. Exper. Med. 76: 335-348, 1942. 

. White, A., and Dougherty, T. F.: The Release of Gamma-Globulin From Lymphoid 
Tissue by Pituitary Adrenotrophic Hormone, Endocrinology 36: 207-217, 1945. 

. Harris, T. N., Grimm, E., Mertens, E., and Ehrich, W. E.: The Role of the Lympho- 
evte in Antibody Formation, J. Exper. Med. 81: 73-83, 1945. 

. Ehrich, W. E., and Harris, T. N.: Site of Antibody Formation, Science 101: 28-31, 
1945. 


22. Hektoen, L.: On the Local Production of Antibodies, J. Infect. Dis. 9: 103-114, 1911. 
23. Dougherty, T. F., Chase, J. H., and White, A.: The Demonstration of Antibodies in 


Lymphocytes, Proce. Soc. Exper. Biol. & Med. 57: 295-298, 1944. 


24. Dougherty, T. F., and White, A.: Effect of Pituitary Adrenotrophic Hormone on 


Lymphoid Tissue, Proc. Soc. Exper. Biol. & Med. 53: 132-133, 1943. 

. Dougherty, T. F., White, A., and Chase, J. H.: Relationship of the Effects of Adrenal 
Cortical Secretion on Lymphoid Tissue and on Antibody Titre, Proc. Soc. Exper. 
Biol. & Med. 56: 28-29, 1944. 


26. Dougherty, T. F., Chase, J. H., and White, A.: Pituitary-Adrenal Cortical Control of 


Antibody Release From Lymphocytes. An Explanation of the Anamnestic Re- 
sponse, Proc. Soe. Exper. Biol. & Med. 58: 135-140, 1944. 


27. Dougherty, T. F., White, A., and Chase, J. H.: Relationship of Antibody Content of 


Normal and Malignant Lymphocytes, Proce. Soc. Exper. Biol. & Med. 59: 172- 
175, 1945. 


28. White, A., and Dougherty, T. F.: Influence of Pituitarv-Adrenotrophic Hormone on 


Lymphoid Tissue Structure in Relation to Serum Proteins, Proc. Soe. Exper. 
Biol. & Med. 56: 26-27, 1944. 

. Valentine, W. N., Craddock, C. G., and Lawrence, J. S.: | The Lymphocytes; Relation 
of Adrenal Cortical Hormone to Lymphoid Tissue and Lymphocytes, Blood 3: 
729-754, 1948. 

. White, A., and Dougherty, T. F.: Effect of Prolonged Stimulations of the Adrenal 
Cortex and Adrenalectomy on the Numbers of Cireulating Erythrocytes and 
Lymphocytes, Endocrinology 36: 16-28, 1945. 

. Dougherty, T. F., and White, A.: The Influence of Adrenal Cortical Secretion on 
Blood Elements, Proce. Soe. Exper. Biol. & Med. 57: 295-298, 1944. 


32. Reinhardt, W. O0., Aron, H., and Li, C. H.: Effect of Adrenocorticotrophie Hormone 





on Leukoevte Picture of Normal Rats and Dogs, Proce. Soe. Exper. Biol. & Med. 
57: 19-21, 1944. 

Dougherty, T. F., and White, A.: Influence of Hormones on Lymphoid Tissue Strue- 
ture ‘and Function. The Role of the Pituitarv-Adrenotrophic Hormone in the 
Regulation of the Lymphocytes and Other Cellular Elements of the Blood, Endo- 
crinology 35: 1-44, 1944. 

. Yoffey, J. M., and Baxter, J. S.: Some Effects of Pituitary Adrenotrophic Hormone, 

Extract of Suprarenal Cortex and Colchicine of the Hemopoietic System, J. Anat. 

80: 132-138, 1946. 

. DeLaBalze, F. A., Reifenstein, E. (., Jr., and Albright, F.: Differential Blood Counts 

in Certain Adrenal Cortical Disorders (Cushing’s Svndrome, Addison’s Disease, 

and Panhypopituitarism), J. Clin. Endocrinol. 6: 312-319, 1946, 

















n 











THE LYMPHOCYTE 177 


36. Forsham, P. H., Thorn, G. W., Prunty, F. T. G., and Hills, A. G.: Clinical Studies 


With Pituitary-Adrenocorticotropin, J. Clin. Endocrinol. 8: 15-66, 1948. 


. Mason, H. L., Marschells, H. P., Rynearson, E. H., Ciaramelli, L. C., Li, C. H., and 


Evans, H. M.: Results of Administration of Anterior Pituitary Adrenocortico- 
trophic Hormone to a Normal Human Subject, J. Clin. Endocrinol. 8: 1-15, 1948. 


. Reinhardt, W. O., and Li, C. H.: Depression of Lymphocyte Content of Thoracic Duct 


Lymph by Adrenocorticotrophic Hormone, Science 101: 360-361, 1945. 


39. Yoffey, J. M., Reiss, M., Baxter, J. S.: Pituitary Adrenotrophic Hormone, Extract of 


Suprarenal Cortex, Lymph, and Lymphoid Tissue, Nature 157: 368, 1946. 


. White; A., and Dougherty, T. F.: Significance of the Effects of X-ray on Lymphoid 


Tissue, Federation Proe. 4: 109, 1945. 


. Dougherty, T. F., and White, A.: Pituitary-Adrenal Cortical Control of Lymphocyte 


Structure and Function as Revealed by Experimental X-radiation, Kndocrinology 


39: 370-385, 1946. 


2. Craddock, C. G., and Lawrence, J. S.: The Effects of Roentgen Irradiation on Im- 


munologic Processes in Rabbits, J. Immunol. 60: 241-255, 1948. 


. Eisen, H. N., Mayer, M. M., Moore, D. H., Farr, R., and Stoerk, H. C.: Failure of 


Adrenal Cortical Activity to Influence Circulating Antibodies and Gamma 
Globulin, Proc. Soc. Exper. Biol. & Med. 65: 301-306, 1947. 


. Stoerk, H. C., John, H. M., and Eisen, H. M.: Turnover of Serum Protein in Adrenalec- 


tomized Rats, Proce. Soc. Exper. Biol. & Med. 66: 25, 1947. 


5. Houghton, B. C., Thatcher, J. S., and Hilles, C.: The Role of the Adrenal Gland in 


Immune Mechanisms, J. Las. & CiIN. MeEp. 32: 1410-1411, 1947 (abstracted in 
Proce. Central Soe. Clin. Research). 


. Murphy, J. B., and Sturm, E.: The Lymphoid Tissue and Antibody Formation, Proc. 


Soe. Exper. Biol. & Med. 66: 303-307, 1947. 


. Wadsworth, A. D.: Standard Methods of the Division of Laboratories and Research 


of the New York State Department of Health, Baltimore, 1939, Williams & 
Wilkins Company. 


. Valentine, W. N., Craddock, ©. G., and Lawrence, J. 8.: The Effect of Roentgen 


Radiation on the Production of Thoracie Duet Lymphocytes. To be published. 





A STUDY OF CHOLINESTERASE ACTIVITY IN THE BLOOD 
OF PATIENTS WITH HEMATOLOGIC DISEASE 


ARTHUR SAwITskKy, M.D., MANUEL ROWEN, M.D., AND LEo M. Meyer, M.D. 
New York, N. Y. 


T HAS been shown’? that red blood cell cholinesterase and serum cholines- 

terase are decreased in patients with pernicious anemia in relapse and that 
the activity of this enzyme returns to normal with the institution of adequate 
therapy. Grob and associates* administered DFP (diisopropy] fluorophosphate ) 
to two patients with pernicious anemia and induced a complete remission with 
folic acid and liver therapy in spite of sustained supression of the plasma and 
red cell esterase activity caused by the daily administration of DFP. Other 
investigators have noted that the maintenance of low red cell and plasma 
esterase activity in man‘ and animals’ following repeated injections of DFP 
produced no changes in hepatic, renal or hematologic functions. 

Many attempts have been made to correlate the enzymic activity of cholin- 
esterase with myasthenia gravis,° liver disease,’ psychiatric disorders,* hyper- 
tension,’ the allergic states,’? and endocrine dysfunction.” 

Barnard”? has stated his belief that individual reactivity to a stimulant or 
incitant with the production of excessive cholinesterase on the one hand, or 
deficient enzyme on the other, determines the onset and type of pathologic and 
malignant hematopoietic disease. Davis'*' postulates that the presence of 
low blood cholinesterase and the associated high acetylcholine concentration is 
the responsible mechanism for pernicious anemia in relapse. 

We have accumulated data of the activity of red cell esterase and serum 
esterase of patients with various types of leucemia, with and without anemia, 
various primary and secondary anemias, polycythemia, and myelophthisis in a 
further effort to clarify the role of cholinesterase found in the red blood cell. 


METHODS AND MATERIALS 


The cholinesterase activity of whole blood and serum was determined in 101 patients 
and twenty-one normal subjects, adults and children of both sexes and all races. These de- 
terminations were made from random samples drawn at odd times of day and night. In all 
but the polyeythemic patients, therapeutic procedures, blood transfusions, and radiation 
therapy were avoided prior to the blood sampling. The control series of twenty-one normal 
subjects included fifteen subjects previously reported.15 Values for ten of the eleven pa- 
tients with pernicious anemia in relapse and nine of the ten patients in remission have been 
reported.2 

Venous blood was drawn from the antecubital vein with a dry syringe and needle. 
Then 5 ml. of whole blood were oxalated with anticoagulant mixture (Wintrobe), and 5 ml. 
were collected in a dry test tube and allowed to clot. The hematocrit (Wintrobe) was de- 
termined and a complete capillary blood count done. Reticulocyte counts were also made on 
some of the more anemic patients. 

Cholinesterase activity was measured by the method described in a previous report.15 
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TABLE I. THE MEAN VALUES OF CHOLINESTERASE ACTIVITY OF THE SERUM AND RED CELLS 
IN VARIOUS HEMATOLOGIC DISORDERS 








CHOLINESTERASE 











MEAN 
CELL 
NUMBER HB. : R.B.C. M.C. SERUM (UNITS 
IN (GM./ (x106/ | M.C.V. HB. (UNITS x10-10 
DISEASES Group | 100 ML.) |. MM.38) | (CU.m) (YY) / MUL.) |PER CELL) 
Normal 21 15.4 5.20 85 29 3.22 7.57 
P.A. in relapse 11 5.5 1.30 122 42 1.62 6.03 
P.A. in remission 10 14.0 4.60 87 30 2.61 8.74 
Chr. lymph. leucemia 24 12.3 3.97 95 31 2.38 8.67 
Chr. myel. leucemia 11 10.1 3.52 92 29 2.34 6.60 
Acute leucemia 7 6.1 2.10 85 3 | 1.79 i 
Myelophthisis 3 6.2 1.83 93 34 1.99 5.97 
Hodgkin’s disease 7 12.3 4.04 92 30 2.64 7.60 
Polyeyth. vera 10 16.5 6.24 85 27 3.08 7.70 
Secondary anemias ile 10.4 3.64 87 29 2.20 8.94 
Sickle cell anemia 5 9.5 2.68 105 26 3.29 9.84 





M.C.V., Mean corpuscular volume in cubic microns. 
M.C. Hb., Mean corpuscular hemoglobin in micromicrograms. 


RESULTS 


The blood of twenty-four patients diagnosed as having chronic lymphocytic 
leucemia was studied. Table II demonstrates the range of hemoglobin (6.5 to 
15.0 Gm. per cent) and red cell values (2.5 to 6.3 M.). In general, these patients 
were in good elinical condition. The bone marrow was infiltrated with great 
numbers of lymphocytes and the erythroid tissue was reduced in quantity. The 
mean cell hemoglobin concentration and the mean cell volume were within the 
normal range. The cholinesterase activity of the serum varied from 0.88 to 
3.64 units and reflected the clinical condition of the patient. The mean serum 
esterase of the entire group was 2.38 units as compared with a normal of 3.2 
units. The mean corpuscular esterase activity for the entire group was 8.67 
units (x10°'°), compared with 7.57 units (x107°) in the normal. In this group, 
therefore, despite the presence of a mild anemia the mean cholinesterase ac- 
tivity of the red cell esterase was within upper normal limits. 

Blood samples of eleven patients with chronic myelocytic leucemia were 
studied. Table III shows the range of hemoglobin (4.5 to 13.5 gm. per cent 
and red cell (1.5 to 5.15 M.) values. The general condition of this group was 
good but these patients were sicker than those with lymphocytic leucemia. The 
mean corpuscular hemoglobin and the mean cell volume were normal. The ae- 
tivity of the serum esterase varied from 1.00 to 4.62 with a mean value. of 2.34 
units, which further reflected the general condition of this group. The mean 
corpuscular esterase activity varied from 4.22 to 11.25 units (x10-?°) with a mean 
value of 6.60. This value is not significantly lower than the normal mean of 
7.57 units. 

Studies of the blood of seven patients with acute leucemia were made 
(Table IV). Of these, five were myeloblastic and two, lymphoblastic. The 
hemoglobin varied from 3.5 to 11.5 Gm. per cent and the red count ranged from 
1.0 to 4.4 million per cubic millimeter. The serum esterase values were low, 
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TABLE II 


PATIENT 
l 


‘ 


2 


SC Cit cor 


~] 


Ss 

9 

10 

11 
Mean 


3.20 units). 


normal. 


| 100 ML.) 


that is, 1.06 to 3. 


| 
| R.B.C, SERUM (UNITS 
| UB. (GM. / (x106 PER M.C.V. (UNITS x10-10 

PATIENT | 100 ML.) MM.3) (CU.n) (YY) / ML.) | PER CELL) 

1 10.5 3.20 109 oo 3.31 8.21 
2 3.0 4.30 115 31 2.01 9.97 
3 14.3 6.30 76 ray 3.64 6.82 
4 12.8 4.90 90 26 3.49 7.05 
5 9.8 3.03 89 32 1.83 8.60 
6 12.0 3.06 101 36 2.36 12.60 
7 14.0 4.35 101 4 2.94 7.50 
8 13.5 4.60 91 29 2.57 8.28 
9 13.0 3.50 108 37 1.69 9.16 
10 11.0 3.60 88 3a 2.44 12.00 
11 8.0 2.50 80 oe 1.50 9.04 
12 14.1 5.00 80 28 2.88 6.66 
13 12.3 4.10 80 30 2.51 7.49 
14 14.7 4.30 85 34 3.02 7.95 
15 13.0 4.10 83 32 3.30 9.93 
16 1LS 3.50 97 33 Lot 6.96 
17 15.0 5.50 85 29 0.88 9.42 
18 15.0 5.10 92 29 2.53 8.02 
19 13.0 3.75 95 35 2.79 9.84 
20 12.0 3.40 98 36 2.36 7.65 
21 8.5 3.20 97 26 2.52 9.03 
22 6.5 3.00 77 22 2.26 7.67 
23 11.0 2.80 LB hg 38 1.14 9.85 
24 12.0 4.00 85 30 1.66 8.43 
~ Mean 12.3 3.97 95 31 2.38 8.67 
suite inate Standard deviation — +1.59 





I, CHOLINESTERASE ACTIVITY OF THE SERUM AND RED CELLS IN CHRONIC 
MYELOCYTIC LEUCEMIA 


1B, (GM. / 


10.1 








CHOLINESTERASE 





MEAN CELL 

















R.B.C. | SERUM (UNITS 
(x106 PER M.C.V. M.C. HB. | (UNITS x10-10 
MM.3) (CU.m) (YY) / ML.) | PER CELL) 

3.00 83 25 2.47 5.138 
3.00 80 28 2.22 6.10 
4.70 72 26 2.47 4,92 
3.10 113 38 2.07 8.58 
ES 95 26 2.72 11.25 
3.00 113 30 1.00 7.47 
3.70 90 30 2.91 4,22 
3.00 91 30 2.00 5.44 
5.15 80 26 4.62 7.63 
1.50 8S 30 1.24 6.00 
4.20 109 29 2.02 5.85 

“3.52 92 29 2.34 6.60 
Standard deviation — +2.02 





36 units and the mean for the group was 1.79 units (normal, 


The corpuscular cholinesterase activity was extremely low, that 


is, 3.33 units to 7.93 units (x10-'°), with a mean of 5.13 units (normal, 7.57). 
The mean corpuscular hemoglobin and the mean corpuscular volume were 
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TABLE IV. CHOLINESTERASE ACTIVITY OF THE SERUM AND RED CELLS IN ACUTE LEUCEMIA 








j CHOLINESTERASE 
| MEAN CELL 
R.B.C. RETIC. | SERUM (UNITS 











HB. (GM./ | (x106 PER (x103/ M.C.V. M.C. HB. (UNITS x10-10 

PATIENT | 100 ML.) MM.3) MM.3) (CU. mw) (YY) / ML.) PER CELL) 

1 9.5 3.10 93 Bul 3.36 6.55 

2 5.0 1.50 88 ao 1.30 3.91 

mt 5.0 1.40 83 34 1.42 4.69 

4 4.2 1.40 78 30 1.40 7.93 

5 4.0 1.80 95 70 O53 1.70 3.33 

6 11.5 4.40 87 26 1.06 4.50 

7 3.5 1.00 80 95 - 37 2.30 4.96 
Mean 6.1 2.10 85 Bal 1.79 5.13 





Standard deviation — +1.60 





Patients 5 and 6 were diagnosed as having acute lymphoid leucemia, the remainder as 
having acute myeloid leucemia. 


Three patients satisfying the criteria for a diagnosis of myelophthisic 
anemia exhibited macrocytosis and a significantly low red cell esterase activity 
of 5.97 units (x10-'°). The serum esterase was markedly reduced to 1.99 units 
(Table V). 


TABLE V. CHOLINESTERASE ACTIVITY OF THE SERUM AND RED CELLS IN MYELOPIITIIISIC 























ANEMIA 
| CHOLINESTERASE 
MEAN CELL 
R.B.C. RETIC. SERUM (UNITS 
HB. (GM./ | (x106 PER (x103/ M.C.V. M.C. HB. (UNITS x10-10 
PATIENT | 100 ML.) MM.3) MM.3) (CU. n) (YY) / ML.) PER CELL) 
1 7.00 2.02 61 98 34 1.64 6.38 
2 6.00 1.82 ‘ 94 33 1.36 5.77 
3 5.70 1.64 87 35 2.96 5.76 
Mean 6.23 1.83 93 34 UGS 5.97 
Standard deviation — +0.35 





The blood of seven patients with Hodgkin’s disease and ten patients with 
polyeythemia vera was studied. In the former group (Table VI), a mild 
normochromie normocytic anemia was found. The red cell esterase activity, 
7.60 units (x10-'°), compared favorably with normal values. The serum es- 
terase activity, 2.64 units, was only slightly depressed. 


TABLE VI. CHOLINESTERASE ACTIVITY OF THE SERUM AND RED CELLS IN HODGKIN’S DISEASE 








| CHOLINESTERASE 


MEAN CELL 











RB:c. (UNITS 
HB. (GM. / (x106 PER M.C.V. M.C. HB. ; SERUM «10-10 

PATIENT 100 ML.) | MM.3) (CU. m) (YY) | (UNITS ML.) PER CELL) 
1 14.0 4.70 87 29 3.88 7.64 
2 11.5 4.10 90 28 2.58 9.73 
3 13.0 Ste 89 34 4.08 6.10 
4 9.6 3.06 90 ot 0.93 7.62 
58 15.7 5.10 96 30 2.23 9,14 
6 14.5 4.90 88 30 3.78 7.08 
if 1.0 2.70 93 27 1.00 5.88 
Mean ts 4.04 92 30 2.64 7.60 





Standard deviation — +1.55 
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The blood findings in the polyeythemic group (Table VII) showed the 
characteristic high hemoglobin content and normocytic to microcytic sized cells, 
but again the cholinesterase activity of both the serum, 3.08 units, and the cells, 
7.70 units (x10-'°), was almost identical with that found in normal subjects. 








TABLE VII. CHOLINESTERASE ACTIVITY OF SERUM AND RED CELLS IN POLYCYTHEMIA VERA 


















| | CHOLINESTERASE 
MEAN CELL 






























































R.B.C. (UNITS 
HB. (GM. / (x106 PER M.C.V. M.C. HB, SERUM x10-10 
PATIENT 100 ML.) MM.3) (CU. w) (vy) (UNITS ML.) PER CELL) 
] 18.0 7.40 90 24 4.58 8.57 
2 17.4 5.50 99 32 4.12 10.25 
3 14.5 7.20 a 20 3.18 10.14 
4 18.9 7.30 84 ST 3.40 8.34 
5 13.6 4.80 85 29 3.54 6.66 
6 15.7 4.80 89 29 2.19 7.81 
7 11.8 4.50 84 26 3.41 5.62 
8 21.5 8.40 82 26 3.01 6.78 
9 13.6 5.50 76 26 1.87 6.98 
10 20.0 7.00 83 29 1.52 5.92 
Mean 16.5 6.24 85 27 3.08 7.70 
Standard deviation — +1.56 





TABLE VIII. CHOLINESTERASE ACTIVITY OF SERUM AND RED CELLS IN VARIOUS SECONDARY 
ANEMIAS 






































CHOLINESTERASE 
MEAN 
| CELL 
R.B.C. RETIC. (UNITS 
HB. (GM. (x106 (x103 SERUM x10-10 
PER PER PER M.C.V. M.C. HB. | (UNITS PER 
PATIENT AND DISEASE 100 ML. ) MM.3) MM.3) (CU. #) (YY) / ML.) CELL) 
1. Gastric cancer 6.5 1.90 57 89 33 110. © 8.63 
2. Bronchogenic 12.5 3.50 91 26 2.42 10.08 
cancer 
3. Seminoma Teo 3.20 10 23 0.40 6.00 
testicle 
4. Lupus erythema- 10.0 3.40 4] 76 29 2.41 7.36 
tosis 
5. Arteriosel. heart 11.0 4.52 80 24 1.82 9.40 
dis. 
6. Simmonds’ disease 13.3 4.01 32 95 29 3.07 11.76 
dis. 
7. Hypertens. heart 8.0 3.20 22 84 25 2.48 8.09 
dis. 
8. Rheumatie heart 13.5 5.08 80 26 2.88 8.23 
dis. 
9, Arteriosel. heart 13.5 3.45 110 36 4.56 8.84 
dis. 
10. Rheumatie heart 13.5 4.30 103 31 2.40 9.93 
dis. 
11. Diverticulitis io 2.78 56 89 27 2.06 9.39 
colon 
12. G.I. Bleeding site ? 9.0 3.72 147 78 25 1.42 9.88 
13. G.I. Bleeding site ? 10.7 4.30 86 25 1.52 8.78 
Mean 10.4 3.64 87 — 29 &2220 8.94 


Standard deviation — +1.39 


























CHOLINESTERASE ACTIVITY IN BLOOD IN HEMATOLOGIC DISEASE 183 


In order to study the effect of active erythropoiesis upon cholinesterase 
activity, two groups of patients were tested. In the first group, thirteen pa- 
tients with secondary anemias (Table VIII) of a hypochromice normoeytic type 
exhibited a red cell esterase activity of 8.94 (x107°) units as compared with 
7.57 in the normal subjects. The serum esterase of these subjects was depressed. 
Since many of these patients were debilitated, this later finding was anticipated. 
A second group of five patients with sickle cell anemia in relapse (Table IX) 
was examined. All five showed active reticulocytosis. In all, the mean cell 
volume and mean cell hemoglobin were above normal. The serum cholinesterase 
values were normal. The red cell esterase activity, however, was markedly in- 
creased and a mean volume of 9.40 units (x10-'°) was obtained. 


TABLE IX. CHOLINESTERASE ACTIVITY OF SERUM AND RED CELLS IN SICKLE CELL ANEMIA 
IN RELAPSE 





~ CHOLINESTERASE =~ 
MEAN CELL 




















R.B.C, RETIC. SERUM (UNITS 
HB. (GM./ | (x106 PER (x108/ M.C.V. M.C.V. HB. (UNITS x10-10 

PATIENT 100 ML.) | M™M.3) MM.3) (CU. #) (YY) / ML.) PER CELL) 
1 9.5 2.20 330 100 22 3.32 11.54 
2 19 2.80 280 96 27 3.34 9.86 
3 9.0 2.20 330 132 29 3.30 9.11 
4 12.0 4.00 200 88 30 3.42 8.40 
5 9.0 2.20 198 109 24 3.10 10.31 
Mean 9.48 2.68 268 105 26 3.29 9.40 
Standard deviation — +1.10 





DISCUSSION 

Grob, Lilienthal, and eo-workers* have recently reported that following 
the administration of DFP to normal and anemic subjects, the red blood cell 
esterase regenerated at a rate approximating the caleulated rate of red cell 
replacement in the body, and was proportional to the number of circulating 
reticulocytes. The observed daily cholinesterase regeneration rate was 1.2 per 
eent. This agrees closely with the calculated daily erythrocyte replacement 
rate of 0.83 per cent which is based on a red cell life span of 120 days. Koelle 
and Gilman,* working with experimental animals, observed similar findings. 
In a study? of the cholinesterase activity of patients with pernicious anemia 
in relapse who were followed into remission, we found that the rise in cholin- 
esterase activity of the whole blood was primarily due to a rise in activity of 
the red cell itself. We further reported that this increased activity could not 
be correlated to cell size, nor to the presence of reticulocytosis per se. The 
mean value for any one red cell was found to vary from low values in patients 
in relapse to above normal values in early remission. Normal values were ob- 
tained only seventy to ninety days following the institution of specific therapy. 

The present study substantiates our previous report. Nevertheless, Table I 
demonstrates that increases in cholinesterase activity of the red blood cells is 
noted in those diseased states where increased erythropoietic activity is present, 
that is, the secondary anemias, sickle cell anemia in relapse, and pernicious 














184 SAWITSKY, ROWEN, AND MEYER 


anemia in early remission. Table I also shows that there is some increase in 
the red cell esterase activity of patients with chronic lymphocytic leucemia, 
although the bone marrow of the majority of these patients was overwhelmingly 
infiltrated with lymphocytes and the quantity of erythroid tissue markedly re- 
duced. The physiologic implication of this is not vet clear. 

Conversely, those diseases not associated with increased erythropoiesis and 
those in which erythropoiesis is depressed show significant depression of red 
cell esterase activity. 

A variety of liver function tests made from a sampling of patients with 
chronic lymphocytic leucemia, chronic myelocytic leucemia, pernicious anemia 
in relapse, and the secondary anemias did not reveal any consistent correlation 
to the red cell cholinesterase activity. The total protein and albumin con- 
centrations of the serum tended to parallel the serum esterase activity. 

Although we are unable to explain our findings, we feel that the cholin- 
esterase activity of the red cells as measured in the regenerative anemias is 
not merely a reflection of the immature cells released into the peripheral blood, 
but is associated in some other manner with increased red cell production. 


SUMMARY 

The cholinesterase activity of the serum and red blood cells of 101 patients 
with various hematologic diseases was studied and compared with values found 
in twenty-one normal subjects. 

The red blood cells of patients with pernicious anemia in early remission, 
sickle cell anemia, and hypochromie normocytie anemias manifested a cholin- 
esterase activity greater than that of the normal erythrocyte. 

The red blood cells of patients with pernicious anemia in relapse, acute 
leucemia, and myelophthisie anemia showed depression of cholinesterase ac- 
tivity. 

Patients with chronie myelocytic leucemia, Hodgkin’s disease, and poly- 
evthemia vera were noted to have erythrocytes with normal cholinesterase ac- 
tivity. 

The mean red cell esterase activity of patients with chronic lymphocytic 
leucemia was inereased to a high normal level. 

The authors wish to acknowledge the many helpful criticisms and suggestions of Dr. 
Howard M. Fitch, Department of Therapeutics, New York University College of Medicine. 
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IN VITRO EFFECTS ON GRAM-NEGATIVE BACTERIA OF STREPTO- 
MYCIN COMBINED WITH PENICILLIN AND/OR SULFADIAZINE 
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iE therapeutic value of streptomycin is now well established in the treat- 
ment of many types of infectious disease of gram-negative and acid-fast 
etiology.’'?»* More general use of this agent has, however, been curbed by two 
important limitations: (1) rapid development of microbial resistance to the 
drug, and (2) toxicity following prolonged administration with full doses. 

The studies reported in this communication were designed to find a solution 
to these limitations, with particular emphasis on drug fastness. The selective 
overlapping antibacterial spectra of penicillin, sulfonamides, and streptomycin,‘ 
and the demonstration by Carpenter’ and others® * of the suppression of drug- 
resistant mutants when certain of these agents are used in combination, served 
as a background. The plan of the investigation included (1) a study of the ecom- 
parative bacteriostatic action in vitro of streptomycin and of five purified frac- 
tions of penicillin against gram-negative bacteria, and (2) a study of the com- 
parative rate of development of streptomycin fastness of gram-negative bacteria 
(a) to streptomycin alone, to streptomycin in combination with (b) penicillin 
and (¢) sulfadiazine, and (d) to mixtures of all three agents. 



































STREPTOMYCIN AND PENICILLIN 


Materials and Methods.—Streptomycin hydrochloride (Merck) and sodium sulfadiazine 
were obtained in the open market. The purified penicillin fractions F, dihydro F, X, and K 
were kindly supplied by the National Institute of Health. 


Ammonium penicillin F Upjohn, Lot No. 125—BEL—4, 1625 U./mg. 

Sodium penicillin dihydro F Pfizer, Lot No. 160619, 1610 U./mg. 

Ammonium penicillin X Commercial Solvents Corporation, Lot No. 
150268, 850 U./meg. 








Sodium penicillin K Pfizer, 7/12/46, 2075 U./mg. 


A supply of purified crystalline sodium penicillin G, Lot No. 104115, was furnished 
through the courtesy of Commercial Solvents Corporation. 

All agents used in this investigation were prepared on a weight basis by dilution in 
triple distilled water. The test organisms were maintained on infusion agar under oil8 
and were grown in test broth (Food and Drug Administration) prior to the experiments. 
The double strength FDA broth employed has the formula 2 per cent peptone, 1 per cent 
beef extract, and 0.5 per cent sodium chloride, in water, adjusted to pH 7.2. The single 
strength broth contains half this concentration. 

The procedure of testing was as follows: One milliliter of stock antibiotie solutions 
progressively diluted in sterile distilled water was added to a series of sterile tubes: The 
tubes were inoculated with 1 ml. of 1:50 dilution of a six-hour growing culture of the test 
organism in double strength broth. The end point was read at the lowest concentration 
showing no turbidity after forty hours’ incubation at 37° C. 

From the Surgical Research Unit, Brooke General Hospital, Brooke Army Medical Center, 
Fort Sam Houston, Texas. 

Received for »ublication, July 29, 1948. 
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Results—AI1 the bacteria listed in Table I were tested simultaneously to 
penicillin G and to streptomycin. Because of the limited supply of penicillins, 
only representative members of each species were tested also against the purified 
fractions F, dihydro F, X, and K. The readings listed in Table I indicate the 
highest dilution in micrograms per milliliter of penicillin and of streptomycin 
which showed no growth at the end of forty hours’ incubation. For purposes of 
diseussion, cultures completely inhibited by 10 ng per milliliter or less of anti- 
biotie are classified as sensitive, while all others are classified as resistant. 

It will be noted that gram-negative bacteria exhibit a wide variation in 
degree of sensitivity to the purified penicillins. (Generally, penicillin G was as 
effective as, or more effective than, the X, dihydro F, and F fractions. A econ- 
stant finding was the relative inferiority of penicillin K in comparison with the 
other fractions. 

All five strains of Alcaligenes faecalis and seven of twelve strains of Brucella* 
were extremely sensitive to penicillin G. The superiority of penicillin X against 
Brucella over the other fractions is noteworthy; all twelve strains were com- 
pletely inhibited by 14 pg per milliliter or less. This has been shown to be a 
bacteriostatic effect lasting through 120 hours, but not bactericidal at the time 
of the forty-hour reading. Five of eleven Proteus strains and five of twelve 
Salmonella strains were inhibited by concentrations below 10 png per milliliter 
of penicillin G. The remaining Salmonella organisms were moderately resistant, 
while all but two of the remaining Proteus strains were very resistant. Some 
strains among the Proteus and Salmonella species were more sensitive to peni- 
cillin G than to streptomycin, microgram and microgram, and vice versa. The 
action of penicillins X and Gon Eberthella is noteworthy. Nine of ten strains 
were inhibited in the range of 4 to 20 we per milliliter. The tenth strain was 
very resistant. All but one of ten Shigella strains were refractory to 10 we per 
milliliter penicillin G, and this group in general was found to be moderately 
resistant. LMscherichia coli, the Aerogenes Friedlander group, and Pseudomonas 
species were very resistant to penicillin, especially Pseudomonas. The survey 
suggests that gram-negative bacteria show broader range of reaction to penicillin 
than to streptomycin. The superiority of streptomycin activity over penicillin 
against gram-negative bacteria was reaffirmed. All nine genera showed strains 
sensitive to streptomycin, though some moderately resistant strains occurred 
among Salmonella, Proteus, and, predominantly, Pseudomonas. 


STREPTOMYCIN, PENICILLIN, AND SULFADIAZINE 


Materials and Methods.—The demonstration of wide generic and species variation in 
sensitivity to penicillin, and of the greater sensitivity of some organisms to penicillin than 
to streptomycin, led to the second phase of this study. This phase was concerned with the 
effects of combinations of penicillin G, sodium sulfadiazine, and streptomycin on the sensi- 


*These Brucella were not freshly isolated organisms, but stock cultures, obtained (in 
order of presentation in Table I) from the following sources: Dr. Sehuhardt, University of 
Texas. Nos. 4, 6, 7, 8, 9, 10, and 11; Col. D. Kuhns. 4th Army Medical Laboratory. Nos 1. 8, 
and 12; and Dr. H. E. Morton, University of Pennsylvania School of Medic’ne, Nos. 2 and 5. 
Penicillin is bacteriostatic, not bactericidal. Growth is inhibited by the concentrations listed 
for longer than five days. Addition of penicillinase to tubes showing complete inhibition causes 
regrowth of the organisms, the rate of regrowth being inversely proportional to the concen- 
tration of penicillin in which they were exposed. 
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tivity and on the rate of development of resistance to streptomycin of five gram-negative 
bacteria in the presence of combinations of the drug. The comparative sensitivities in 






micrograms per milliliter of the test organisms to the two antibiotics are as follows: 







STREPTOMYCIN PENICILLIN 











Proteus vulgaris ae 12 
Proteus OX2 4 250 
Proteus X19 16 >125 
Escherichia coli 8 35 
Pseudomonas aeruginosa 16 5,000 





The object of the first experiment was to determine whether penicillin or sulfadiazine 





would prevent or delay the emergence of streptomycin-fast bacteria. The concentration 
































of penicillin, 1.5 ug per milliliter, was the constant and the concentrations of streptomycin 
were the variables. All strains grew freely in broth containing this concentration of 
penicillin. A parallel experiment was set up to determine whether sulfadiazine, 150 ug per 
milliliter, would prevent or delay drug fastness to streptomycin when the two drugs were 
present in combination. Bacteria grew freely in broth containing this amount of sodium 
sulfadiazine. 


TABLE II. Errects or PENICILLIN, SULFADIAZINE ALONE AND IN COMBINATION ON 
SENSITIVITY AND FASTNESS OF BACTERIA TO STREPTOMYCIN 


























| P. VULGARIS |. BORZ | Pp. X19 | ESCH. COLI | PS, AERUGINOSA 
ees ae ee a B | A B | A B | A B 
Streptomycin (S) 32 6 + 4 16 5 8 13 16 6 
S and P* 2 13 I 4 6 4 8 13 16 6 
S and SADt : 8 6 1 10 2 43 8 28 8 8 
S and Pt and SAD§ 0.5 20 1 7 2 30 4 24 8 14 








A, Streptomycin concentration required to inhibit growth. 

B, Number of daily transfers in streptomycin to effect drug fastness. 
*P, Concentration of penicillin, 1.5 ug/ml. 

4#SAD, Concentration of sodium sulfadiazine, 150 swg/ml. 

<P, Concentration of penicillin, 0.1 to 0.75 wge/ml. (see text). 


§SAD, Concentration of sodium sulfadiazine, 10 to 75 wg/ml. (see text). 


The experiments were conducted as follows: Serial dilutions of streptomycin in the 
range of 256 to 0.5 ™g were prepared in 1 ml. amounts, and 0.1 ml. of the adjuvant solution 








(penicillin or sulfadiazine) was added to give the desired final concentration. The tubes 
were inoculated with 1.1 ml. of 1:50 dilution in double strength broth of a six-hour growing 
culture of the test organism (estimated three hundred million organisms per milliliter). They 
were incubated for fifteen to eighteen hours at 37° C. and then read. The organisms showing 
growth in the tube containing the highest concentration of streptomycin were seeded to 
normal broth and allowed to grow for approximately six hours. The test was then repeated 
with this culture. This procedure was continued daily until the organisms showed con- 
sistent streptomycin resistance. For controls, one series with streptomycin alone was 
transferred each day until drug fastness occurred. To check the potency of the antibiotics, 
a test was set up daily with organisms of known sensitivity. Platings at intervals through 
ach series checked for purity of culture. 

The object of the second experiment wes to determine whether penicillin and strep- 
tomyein together with sodium sulfadiazine would prevent or delay the emergence of strep- 
tomyein-fast bacteria. When both penicillin and sodium sulfadiazine were combined in 
half the concentration previously employed, in every instance, except that of Pseudomonas, 
there was complete bacteriostasis even in the lowest concentration (0.5 ug per milliliter) 
of streptomycin. Consequently, the concentrations of peniciliin and of sulfadiazine had 
to be reduced two to eight times to permit growth in the presence of mixtures of the 


three agents. 
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Fig. 1.—Demonstrates the effect of combinations of penicillin and/or sodium sulfadiazine 
on streptomycin sensitivity and rate of developing streptomycin fastness of P. vulgaris. The 
ordinates show the amount of streptomycin in micrograms per milliliter required to produce 
complete bacteriostasis when used singly, when combined with either penicillin or sodium 
sulfadiazine, and when the three agents were employed together. The number of daily trans- 
fers required for streptomycin resistance to occur under conditions of the test is indicated 
on the abscissas. 


Results —tThe results of the in vitro effects of combinations of penicillin and 
sulfadiazine with streptomycin are shown in Figs. 1 to 5, and in Table II, As 
shown in Fig. 1 and’ Table I, P. vulgaris required 32 and 12 pg per milliliter of 
streptomycin and penicillin G respectively to effect complete bacteriostasis. Six 
transfers in streptomycin broth were required for the organisms to grow freely 
in exeess of 100 pg streptomycin per milliliter. The addition of 1.5 ug per 
milliliter of penicillin G reduced the streptomycin requirement from 32 to 2 peg 
per milliliter, which represents one-sixteenth and one-eighth of the individual 
requirement of the two substanees. The penicillin-streptomyecin combination 
delayed the time of occurrence of drug resistance from six to thirteen transfers. 
Sodium sulfadiazine in the amount of 150 ug per milliliter reduced the bacterio- 
static concentration of streptomycin from 32 to 8 wg per milliliter, which is ¢ 
fourfold reduction. Sodium sulfadiazine, however, did not alter the rate of 
emergence of streptomycin-resistant organisms. Penicillin and sodium sul- 
fadiazine combined in one-quarter amounts (0.37 and 37 ug per milliliter respec- 
tively) allowed growth of this organism, but the addition of only 0.25 yg per 
milliliter streptomycin to this combination was completely inhibitory. The com- 
bination of penicillin and sodium sulfadiazine in only one-eighth the amounts 
used alone reduced the streptomycin requirement from 32 to 0.5 ug per milliliter, 
a sixty-four fold decrease. A synergistic action of these three drugs on this 
organism is suggested. Moreover, with this combination, drug fastness to strep- 
tomycin was retarded from six to twenty transfers, It is significant that drug 
resistance to streptomycin ultimately did occur. 
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Fig. 2.—Demonstrates the effects on streptomycin sensitivity and rate of development 
of streptomycin fastness of Proteus OX2, when streptomycin is combined with penicillin and/or 
sodium sulfadiazine. 


Fig. 2 illustrates the results with a strain of Proteus OX2. This culture 
required 4 wg per milliliter streptomyein or 250 wg per milliliter penicillin for 
complete suppression. The organism became fast to 100 we per milliliter after 
four transfers in streptomycin broth. The addition of 1.5 pg per milliliter of 
penicillin G reduced the streptomycin requirement from 4 to 1 ng per milliliter, 
in the face of apparent penicillin resistance of the organism. This combination 
effected no delay in the time of acquired resistance. Sodium sulfadiazine, 150 
pug per milliliter, reduced the streptomycin requirement from 4 to 1 pg per milli- 
liter, and with this combination ten transfers were required to produce a strep- 
tomycin-fast culture against four transfers with streptomycin alone. The simul- 
taneous combination of penicillin and sodium sulfadiazine with streptomyein in 
one-fourth the concentrations used individually also effected a reduction in the 
streptomycin requirement from 4 to 1 wg per milliliter, and delayed development 
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of streptomycin fastness from four to seven transfers. Although this result 
represents a less impressive effect than that achieved with sodium sulfadiazine 
and streptomycin, it is emphasized that only one-fourth the concentrations of 
sulfadiazine and penicillin were used. Concentrations in excess of this, when 
combined with the 0.5 wg streptomycin per milliliter, caused complete inhibition. 

Fig. 3 represents the effects of the various agents on streptomycin sensitivity 
of a strain of Proteus X19. This organism required 16 pg per milliliter strep- 
tomycin and greater than 125 neg per milliliter penicillin G individually for com- 
plete inhibition. With streptomycin alone, five transfers in sub-bacteriostatic 
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Fig. 4.—Demonstrates the effects on streptomycin sensitivity and rate of development 
of streptomycin fastness of Esch. coli, when streptomycin is combined with penicillin and/or 
sodium sulfadiazine. 


concentrations were made before streptomycin fastness to 100 pg rer milliliter 
was attained. The addition of 1.5 ng per milliliter penicillin G reduced neither 
the streptomycin requirement nor the number of transfers necessary for resist- 
ance to occur. Sodium sulfadiazine effected a reduction of streptomycin require- 
ment from 16 to 2 »g per milliliter and the striking resistance delay from five 
to forty-three transfers. The mixture of penicillin G@ and sodium sulfadiazine 
in the media in one-fourth the individual concentrations reduced the strepto- 
mycin requirement again from 16 to 2 wg per milliliter and effected a delay in 
resistance to streptomycin from five to thirty transfers. In this instance also, 
the use of concentrations in the mixture in excess of one-fourth each with 0.5 
ng per milliliter streptomycin prevented growth. 

Fig. 4 illustrates the effects of the combined drugs on Esch. coli. Strepto- 
mycin 8 wg per milliliter and penicillin G 35 pg per milliliter individually eom- 
pletely inhibited this organism. In streptomycin broth, thirteen transfers were 
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made before the culture showed consistent growth in 100 wg per milliliter. The 
addition of 1.5 wg per milliliter penicillin G caused neither reduction of strep- 
tomycin requirement nor delay in acquired resistance. Sodium sulfadiazine 150 
ug per milliliter caused no decrease in initial streptomycin requirement but 
effected a delay in acquired resistance from thirteen to twenty-eight transfers. 
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NUMBER OF TRANSFERS 
Fig. 5.—Demonstrates the effects on streptomycin sensitivity and rate of development 


of streptomycin fastness of Ps. aeruginosa, when streptomycin is combined with penicillin 
and/or sodium sulfadiazine. 


One-half these amounts of penicillin G and sodium sulfadiazine with 0.5 yg per 
milliliter streptomycin allowed no growth. When one-fourth the individual 
concentrations were used together, the streptomycin necded for complete inhibi- 
tion was reduced from 8 to 4 wg per milliliter, and resistance was delayed from 
thirteen to twenty-four transfers. 

Fig. 5 demonstrates the effects of combined antibacterial agents on Ps. 
aeruginosa. This strain required 16 wg streptomycin per milliliter and 5,000 pe 
per milliliter penicillin G individually for complete bacteriostasis. With strep- 
tomycin alone, six transfers occurred before resistance was acquired. Penicillin 
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1.5 pg per milliliter had no effect on the necessary initial concentration of strep- 
‘tomycin nor rate of emergence of resistance. Sodium sulfadiazine 150 pg per 
milliliter reduced the initial streptomycin requirement from 16 to 8 yg per 
milliliter and delayed resistance from six to eight transfers only. However, 
when one-half the concentrations of penicillin G and sodium sulfadiazine used 
individually were combined with streptomycin, there was a delay in acquired 
resistance from six to fourteen transfers. When the combination of these three 
drugs was tested in the same manner against eight additional strains of Pseudo- 
monas, similar results were obtained with five. Three strains initially resistant 
to streptomycin evidenced no effect by the addition of the other agents within 
the range of the experiment. 
DISCUSSION 

Restudy of the action of penicillin on gram-negative bacteria was basic to 
investigation of the possibility of suppressive effects when the antibiotic was 
combined with streptomycin. The susceptibility to penicillin G and X of Neis- 
seria? and Hemophilus’™™ is well known. Survey of nine other genera of gram- 
negative organisms indicated that Alealigenes and Brucella, in the main, were 
moderately sensitive. Eberthella’®® was slightly sensitive. On the other hand, 
Pseudomonas, Aerogenes Friedlander, Shigella, and Escherichia were moderately 
to completely resistant. Several strains of Proteus and Salmonella were more 
susceptible to penicillin than to streptomycin, but the action was variable, the 
reverse also being the ease. The greater susceptibility of Brucella to penicillin 
X than to penicillin G may be of practical importance. The consistent inferi- 
ority of penicillin K action and the unspectacular action of penicillins F and 
dihydro F east doubt on their possibilities as therapeutic agents against gram- 
negative infections, Penicillin G was consistently the most effective fraction. 
Combination of penicillin G with streptomycin gave negative results when the 
eoneentration of penicillin was less than inhibitory. Only in the ease of P. vul- 
garis, which was relatively sensitive to penicillin, was there any effect on the 
amount of streptomycin necessary for bacteriostasis and on the number of trans- 
fers for developing streptomycin resistance. On the other hand, the two anti- 
bioties in combination showed no antagonistic action. 

Sodium sulfadiazine added to streptomycin reduced the initial streptomycin 
requirement two to eight times for four of the test organisms, and the two 
agents in combination delayed microbial fastness to streptomycin in four out 
of five instances. 

The use of a combination of penicillin, streptomycin, and sulfonamides was 
first advocated for mixed infections with several species of bacteria. It was also 
recommended for the treatment of immediately life-endangering infections of 
uncertain etiology. Suecessful experiences with combined sulfadiazine-strepto- 
mycin therapy for brucellosis* *': ’* after failure when each drug was used alone 
emphasize the possible value of two drugs to control an infection caused by a 
single bacterial type. 

It was noteworthy in these experiments that when penicillin in relatively 
small amounts was added to the media containing both sulfadiazine and strep- 
tomyecin, the bacteriostatic concentrations of the latter drugs could be reduced 
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significantly and retardation in the rate of streptomycin resistance could be 
effected. There appears to be a penicillin effect not always in evidence when 
penicillin was used in combination with streptomycin alone. This phenomenon 
well demonstrates the opportunity for the effective use of relatively small 
amounts of penicillin against insensitive gram-negative bacteria, that is, when 
the organisms can be affected only by marginal or partially inhibitory doses of 
streptomycin and sulfadiazine. 


Complete bacteriostasis of the organisms is essential to eradicate infection. 
Continued multiplication of bacteria in any combination with streptomycin of 
these antimicrobial agents in subinhibitory amounts will eventually lead to 
streptomycin fastness. These studies should, therefore, not be interpreted to 
indicate that the management of infections requiring combinations of drugs to 
control them permits economy in the use of the drugs by the reduction of 
dosages.’ On the contrary, maximal therapeutic dosages should be initiated and 
maintained until the optimal therapeutic response has been achieved. 


SUMMARY AND CONCLUSIONS 


There has been reported in this communication a series of in vitro studies 
concerning the effect of streptomycin combined with penicillin or sulfadiazine 
or both against gram-negative bacteria, with special emphasis on the develop- 
ment of drug resistance. : 

1. The gram-negative organisms tested show greater variation in sensitivity 
to penicillin than to streptomycin. The Brucella are very sensitive in vitro, 
especially to penicillin X. The order of sensitivity for the other genera is as 
follows: Alealigenes, Eberthella, Salmonella, Proteus, Shigella, Escherichia, 
Aerogenes Friedlander, and Pseudomonas. The action of penicillin is bacterio- 
static, not bactericidal. 

2. Streptomycin in combination with penicillin and sulfadiazine is optimally 
bacteriostatic for gram-negative bacteria, and these drugs in combination delay 
the emergence of drug-fast cultures. 

3. These studies suggest that in addition to the use of combinations of peni- 
eillin, streptomycin, and the sulfonamides for mixed infections caused by several 
species of bacteria, such combinations may also be useful for infections caused 
by a single etiological agent. Some clinical evidence to this effect already exists. 

4. It is essential, when these combinations are employed, that maximal 
therapeutic doses of the drugs be initiated and be maintained until the optimal 
therapeutic response has been effected. Economy by reduction of dosage is not 
indicated and may give rise to drug fastness. 
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I. MUMPS VACCINE 
Srupies ON HuMAN VOLUNTEERS 


HascaLtt H. Muntz, M.D., Horace M. Powe tu, Sc.D., ano 
CLypE G. CULBERTSON, M.D. 
INDIANAPOLIS, IND. 


HE ever increasing demand of physicians and the American public for addi- 

tional immunizing vaccines against the common virus diseases has stimulated 
investigation and development of a new specific vaccine. The work presented 
herein coneerns the virus which causes mumps. Original immunization investi- 
gation was carried out with live virus or attenuated cultures as vaccines.’ 

Since the first studies by Johnson and Goodpasture in 1934,? and the isola- 
tion of a filterable ¢ytotropie virus with a predilection for the parenchymal cells 
of the parotid, several attempts have been made to perfect a suitable immunizing 
product. In March, 1947, an editorial in the Journal of the American Medical 
Association brought the ‘‘improved mumps vaccine’’ of Enders and co-workers 
from the realm of the experimental journals.* It placed the possibility of the 
development of an adequate immunizing vaccine before the practitioners who 
would have the opportunity to use this vaccine on a large scale. 

Recently an entire issue of the Journal of the American Medical Association 
was devoted to reviews and reports concerning the viruses and the virus diseases ; 
however, little mention was made of any recent advance in active immunization 
in mumps. Schultz in his discussion of the present status of viruses and virus 
diseases noted the phenomenal advances and rapidly widening interest in these 
diseases.* 

Before any vaccine can be used clinically it must run the usual gamut of 
experimental trial on human beings. Because of the importance of mumps in 
military medicine a considerable amount of investigative work was undertaken 
by members of the United States Public Health Service to work out a practical 
means of determining susceptibility and of prophylactic immunization. The 
editorial (J. A. M. A., March, 1947) led one to believe that the final product 
would be a viable vaccine. Should this product, of necessity, be a viable virus, 
its use would be limited by the same factors which limit all viable products. 
Preparations of the live virus are wholly unsatisfactory since the patient ean be 
given no assurance that he would not become ill with the disease against which 
immunization is desired. ' 

In a report by Enders and associates in 1946, it was concluded that the 
mumps virus, after twenty-five passages in the chick embryo appeared to be 
incapable of inducing ‘‘typical mumps’’ in ‘‘presumptively susceptible’? human 
beings, when sprayed into the oral cavity. They also found that this material 
might irregularly lead to the formation of a complement-fixing antibody (here- 
after designated as C.F.A.).1 
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. Habel has been able to produce parotitis in monkeys on immunization at- 
tempts with live egg embryo virus and therefore it seems unlikely that such a 
viable product would survive clinical criticism. Furthermore, Habel has stated 
(personal communication) that although he had not used a live virus prepara- 
tion in human subjects, his virus strains were still able to produce a ‘‘good 
parotitis’’ in monkeys after thirty egg passages.° He stated in unpublished data 
that he had ‘‘good results’’ with the inactivated virus given intramuscularly to 
human beings. He concluded from the latter data that there was no good reason 
for using the active virus. 

We propose to present clinical data concerning the use of intracutaneous, 
nonviable mumps vaccine on a group of unselected human volunteers. The 
volunteers consisted of medical students, nurses, and patients at the Indiana 
University Medical Center and Indiana University School of Medicine. 

Mumps Virus. Strains.—Two strains of mumps virus were used: one was 
procured from Dr. K. Habel,* and the other from Dr. J. Enders.¢ In tests 
conducted by us, no differences have been found between the two strains. 

Cultivation of the Virus——The virus was propagated by inoculating 7-day- 
old chick embryos which were ineubated at 35° C. temperature. Inoculation 
of the eggs was similar to the usual technique for that of the influenza viruses. 
The periembryonic fluids were harvested. Tests showed them to contain the 
highest content of the virus. 

Properties and Control of the Virus—Since mumps virus propagated by 
egg passage is not infectious for the smaller laboratory animals, the presence 
of virus in the egg fluid is determined by complement-fixation (Bengtson tech- 
nique)* and hemagglutination tests (Hirst technique) .? 

Swiss mice were given periodic intranasal instillations of the virus to check 
chance contamination with other viruses, and homologous and heterologous in- 
hibition of hemagglutination tests were done with mumps and influenza viruses 
and the corresponding antisera. 

Laboratory Test of Mumps Virus and Production of Mumps Antiviral 
Serum in Rats and Rabbits—Kach yield of vaccine was tested in five rats, the 
animals being injected intraperitoneally with 0.2 ¢.c. on alternate days, then 
bled one week after the sixth and final dose of vaccine. With normal rat sera 
as a control, complement fixation and hemagglutination inhibition tests were 
conducted with these sera to determine the amount of response. Titers of rats 
immunized in this way are not unlike those of human beings, Antiviral serum 
was produced in rabbits by twice weekly intravenous injections of 5.0 ¢.e. of 
the egg-passage antigen. The animals were bled one or two weeks after the 
eighth and final injection. 


Preparation of Skin Test Antigen.—The periembryonic fluid virus antigen 
was centrifuged for a short time to elarify it, then diluted to contain 20 ecom- 
plement-fixing antigen units per cubie centimeter. The antigen was then heated 
to 65° C. for ten minutes, tested for sterility, and Merthiolate (sodium ethyl 


*United States Public Health Service. 
7Children’s Hospital, Boston, Mass, 








; 
) 





MUMPS VACCINE 201 


mercuri thiosalicylate, Lilly) 1:10,000 was added as a preservative. The virus 
is susceptible to the inactivating effects of heat, formalin, ether and ultra- 
violet irradiation.*® 

Our C.F. antigen, as present in this skin test antigen, is of course the 
‘‘virus-bound’’ antigen as described by Henle, Henle, and Harris.° It exists 
primarily in the periembryonic fluids, as distinguished from the mumps embryo 
membrane antigen. According to Henle and co-workers the virus-bound 
antigen is sedimentable at 20,000 revolutions per minute. The corresponding 
C.F. antibody, while slower in appearance, persists longer after termination 
of the disease. On the other hand, the ‘‘soluble’’ smaller size nonvirus C.F. 
antigen associated with fixed tissue (and with which we have not dealt) gives 
a short-term antibody response in clinical mumps. 


CLINICAL STUDIES 


Skin Tests—One-tenth cubic centimeter of vaccine containing 2.0 comple- 
ment-fixing units was placed intracutaneously on the flexor aspect of the fore- 
arm. 

Skin Test Reading.—Tests were read as positive if the area of erythema 
and induration (edema) was larger than 1 em., negative if the zone of erythema 
was not greater than 2 em. and showed xo evidence of induration. All skin tests 
were read between twenty-four and thirty-six hours, at which time the local 
reaction was at its maximum. 

The color which developed was similar to that seen with the routine Mantoux 
skin test with tuberculin. 


SUGGESTED INTERPRETATION 
(ARBITRARILY SET AFTER OBSERVING 400 SKIN TESTS) 


1+ 1 em, ————— 2 em. diameter 
2+ 2 em, ——————> 3 em, diameter 
3+ 3 em, ——————> 4 em. diameter 
4+ 4 em. ———————> Grreater 


Skin Tests—Four hundred intracutaneous injections each containing 2.0 
units of complement-fixing antibody have been given to date. There has been 
no evidence of systemic reaction or untoward symptoms. The typical local 
reaction in persons who had a definite history of mumps and a significant C.F .A. 
titer was an erythematous indurated area of 2 by 3 em. to 3 by 6 cm. The 
epidermal tissue acquires hypersensitivity to the antigen following previous 
experience with the living or killed virus. 

Originally the test was designed as a method for demonstration of an 
allergic response to the heat inactivated virus. It was supposedly a convenient 
index of determination of susceptibility or resistance of the individual to heat 
inactivated virus. Evidently, from the clinical data furnished by Enders and 
co-workers in 1945, their inactivated virus produced little or no immunity as 
measured by the complement-fixing procedure. Their antigen was prepared 
from the infected monkey parotid, ours from infected eggs as deseribed.’® 

Hypersensitive state (that is, positive skin test) could first be demonstrated 
between the second and third month following convalescence.’® It was therefore 
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concluded that the skin test would have no value in diagnosis during the active 
‘disease. Presumptive diagnosis can be made from the clinical picture and an 
absolute diagnosis from rising C.F .A. titers and culture of specific virus. 

Enders stated that ‘‘this skin test material’’ was weakly antigenic, capable 
of stimulating the production of antibody in certain of those previously infected 
but incapable of inducing ‘‘de novo’’ antibody formation in those who have not 
encountered the virus. Attempts at local passive transfer by technique of Praus- 
nitz and Kiistner could not be demonstrated.’° 
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Fig. 1. 


Human convalescent serum of high titer in C.F.A. was injected into the 
skin of an individual who had previously failed to react to the skin test material. 
After an interval of twenty-four hours, 0.1 ¢.c. skin test material was injected into 
the same area. No immediate or delayed reactions were noted.’° 


Enders presented evidence that individuals who were exposed to the virus, 
yet showed no clinical evidence of the disease, developed a gradually rising 
C.F.A. titer and rightly concluded that an inapparent infection had been present. 

The intracutaneous skin test was applied to a group of volunteers four 
months after a previous test with the same material. In the majority of the 
eases there was a more marked reaction to the second dose. Readings which 
were originally 14+ and 2+ were greater than the minimal 4+ (4 em.) reaction in 
many. A group of volunteers who had negative skin tests originally had 3 to 44 
on their second skin test. Work on C.F.A. titration will be reported later. The 
opposite arm was used for subsequent skin tests to avoid possibility of local 
hypersensitivity. 

From these results we are forced to question the significance of a second 
positive skin test in people who have the clinical picture of mumps. We do not 
believe that a second positive skin test would substantiate a clinical diagnosis 
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since we have shown rises in C.F.A. titers comparable to those in mumps follow- 
ing one skin test dose. A rising C.F.A. titer would be very significant if not 
influenced by inactivated antigen via the intradermal or subeutaneous routes. 

Comparative studies of history and intradermal sensitivity on information 
obtained from individuals having one skin test dose of antigen are seen in Fig. 1. 





COMPLEMENT FIXATION TESTS BEFORE AND AFTER SKIN TEST DOSE WITH 2.0 
COMPLEMENT FIXING UNITS - - - (75 CASES) 


DILUTION 
6 Je 64 
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Fig. 2. 


C.F.A. STUDIES 


Enders (Harvard University) reported complement fixation tests for diag- 
nosis of mumps made from egg antigen to replace the more expensive and less 
practical source from monkeys. 

To show the rise in titer he stated that the test should be made with two 
specimens of serum, one taken soon after the onset of the disease, the second at 
the end of the third week, for most of the convalescent serums showed a high 
titer after the second week. 


In a series of seventy-five unselected cases we gave 2.0 complement-fixing 
units of heat killed mumps virus vaccine. Prior to intracutaneous injection of 
the nonviable mumps virus a specimen of blood was obtained to check the com- 
plement-fixing antibody titer as a control. 

Four weeks later a second specimen was collected and its complement-fixing 
antibody titer was also determined. Fig. 2 gives us a graphic representation 
of the C.F. antibody titrations before and after the intradermal dose of vaccine. 
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Enders and co-workers reported positive complement fixation tests on 1+ 
or 2+ reactions. Our figures are correspondingly much lower since a ‘‘posi- 
tive’’ C.F. reaction was read as a positive to the first 2+ reaction, for example: 

Sample case 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 
4+ 4+ 4+ 2+ 2+ 2+ 1+ 1+ 1+ 
1:16 was the end point 

It is evident that a marked change took place in the C.F. antibody titer 
(Fig. 2). 

Studies of specimens taken two weeks following intradermal vaccine showed 
significant rises in C.F. antibody titrations above the control serums checked. 
(Results to be reported in a subsequent report. ) 

This is comparable to studies done on convalescing mumps patients by the 
Harvard group. In four cases described by Enders and co-workers the C.F. 
antibody made its appearance before hypersensitivity could be demonstrated. 
In many eases C.F.A. was present on the first day of clinical symptoms. Dermal 
hypersensitivity from mumps may last as many as fifty years, This was demon- 
strated in several elderly subjects. 

Comparative studies between history, intradermal sensitivity and comple- 
ment-fixing antibody titration are illustrated graphically in Fig. 3. 


DISCUSSION AND CONCLUSIONS 


Mumps becomes an important disease whenever propinquity of rural and 
urban people becomes a necessity; for example, military camps, summer camps, 
and university centers. 


It has been reported by Fox that during World War I mumps was third 
among the diseases causing loss of duty time. Venereal disease and influenza 
were listed as first and second offenders. The Surgeon General of the United 
States Army reported that in 1918 mumps accounted for 7.15 per cent of ad- 
missions to army hospitals. A total of over 166,000 cases was reported. Woll- 
stein reported epidemic parotitis as the fourth disease in the list of causes of 
admission to hospitals, but it was the second largest cause for loss of time. In 
1940, Surgeon General Parran of the United States Public Health Service stated 
that mumps was second only to venereal diseases among the disabling acute 
infections of reeruits. 

It must be remembered that the incidence, high as it is, is actually relatively 
higher because most individuals have had the disease in childhood. Radin, in 
5,756 cases, found forty-seven with a history of previous attack—0.8 per cent.” 

In 1948, a ‘‘heavily infected’’? company of 194 soldiers at Camp McCoy, 
Wis., was studied. Nineteen per cent of the group contracted mumps during the 
sixteen weeks which elapsed between the onset of the first and last case. This 
percentage closely parallels our eases who had negative skin tests. 

Thirty-two per cent of the soldiers at Camp Wheeler (World War I) had 
mumps at one time or another during their stay at camp. In the A.E.F. during 
World War I, one in every twenty white men and one of every six Negroes 
had an attack. 
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The total mortality in the U. S. Army in World War I accredited to mumps 
as the original diagnosis was 181, but these deaths were associated in every case 
with a secondary diagnosis which requires consideration in at least partially 
acquitting mumps of responsibility.?? 

Eagle reported a four-year mumps epidemic in one camp in which 2,500 
patients were hospitalized. Of 1,664 cases reviewed, epididymo-orchitis occurred 
in 25.54 per cent.1*> (The average age of patients was 24.79 years.) In this age 
group it is a debilitating disease of no small consequence, MeGuiness and Gall 
studied 1,331 cases at Camp McCoy and found 36.2 per cent of the patients 
with mumps with epididymo-orchitis. Orchidotomies were performed on eighty- 
three soldiers at Camp McCoy." 

Gregg in 1941 pointed out the high incidence of congenital malformation 
in children born to mothers who had German measles (rubella) during the early 
months of pregnancy.’® Since then, the work has been confirmed by several 
other workers, more than 400 cases being reported. Incidence of malformations 
following rubella infection in the first two months of pregnancy is almost 100 
per cent. Abnormalities resulting from rubella infection in the pregnant 
mother : cataract, heart defects, microcephaly and deaf-mutism. 

This work stimulated further research to determine the effect of related 
viruses, for example influenza A and mumps. Hamburger and Habel’® found 
that infection of 8-day-old chick embryos resulted in mumps virus multiplication 
in the allantoic sac, although the mumps virus was lethal for early embryos 
within five days after infection. They presented well controlled experimental 
evidence to show that mumps virus has questionable teratogenetic effect on early 
chick embryos (studies have not yet been completed). 

Johnson and Goodpasture attempted to confer passive immunity to intra- 
parotid infection by injection of serum from persons immune to mumps. These 
attempts failed except in rare cases."7 

Pooled human serum has been used as a prophylactic measure in individuals 
exposed to mumps. There are several disadvantages to this method of prophy- 
laxis. 


The period of immunity is probably short. 

Immune serum from convalescent patients should be taken within 
three weeks of onset date to be most efficient. 

No. 2 makes large scale immunization impractical in epidemies. 

The amount of pooled serum recommended varies between 20 and 40 
¢e.c. in adults and in our experience has proved very painful to the 
recipient. 

There is always a danger of transmitting homologous serum hepatitis.’® 


Several considerations present themselves: 


(1) What individuals should be vaccinated? 

(a) Should the vaccine be used in children? 

(b) Would the immunity conferred by the disease itself be more lasting 
than that given by the vaccine? (We are confronted with the 
problem of the age at which attempts at immunization should 
begin. ) 
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(2) Would the vaccine prevent early fetal death and congenital abnormal- 
ities due to mumps in infants if pregnant mothers were vaccinated in 
early pregnancy, that is if they gave no history of having mumps in 
the past? 

Does mumps produce a lasting immunity to all manifestations of the 

disease or merely prevent the recurrence of parotitis? , 

(a) If so, should the vaccination be given in spite of a positive history? 

(b) What place would the vaccine have in immunization of the military 
forces? 

What place does the vaccine have in a mumps epidemic? 

(a) Should all nonimmune people (from individual history) who eon- 
tact cases be vaccinated ? 

(b) Would a vaccination protect them or does the rapid incubation 
period prohibit development of immunity in time to protect the 
individual ? 

(5) Sinee immune globulin gives only short passive immunity should both 
immune globulin and the vaccine be given concomitantly ? 

(6) Are ‘‘booster’’ doses necessary? If so, when? 


Obviously, studies in epidemiology cannot be carried out at a medical center 
for a searcity of active cases exists. The ideal proving ground for such im- 
munologie study will rest in large military camps where epidemics are common. 


Ratner and Untract in studies of egg vaccine and egg sensitivity concluded 
that the ‘‘Use of vaccines is not dangerous to 99.5 per cent of the general 
population, which included all the allergic persons who are sensitive to proteins 
other than egg and about 50 per cent of the persons.moderately sensitive to egg.’’” 


Demonstration of rising C.F.A. constitutes a valuable clinical diagnostic 
aid. Central nervous system involvement during mumps had been studied 
extensively. A rising specific C.F.A. titer for one of the virus infections may 
help categorize and prognosticate heretofore unclassified encephalitides. Brown 
and co-workers reported seventy-seven consecutive cases of mumps in which 
spinal fluid examination was made. Pleocytosis was present in twenty-six 
(33.7 per cent). Clinical manifestations of meningoencephalitis were recog- 
nized in nine eases.”° 

SUMMARY 


1. Mumps vaceine prepared by inactivation of the living virus (by heat) 
has been given intracutaneously to a series of human volunteers. 

2. Mumps virus strains were propagated on chick embryos. Vaccine was 
prepared from the heat killed virus. 

3. Methods of preparation of the virus and immunization material are 
presented. 

4. Two complement-fixing units (0.1 ¢.¢c. of vaecine) were injected intra- 
dermally. Hypersensitive reactions seemed to indicate previous contact with 
the virus in the subclinical or clinical forms. In addition, the same hyper- 
sensitivity developed after the first intradermal dose. 

5. The mumps vaccine given to our volunteers served as an index of poten- 
tial susceptibility to mumps and positive reaction implied a previous clinical 
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or subclinical infection with the virus. The skin test dose caused significant 
rises in complement-fixing antibody titers and might possibly be a practical 
method of vaccination. Work is in progress to determine the optimal dose and 
route of administration. 

6. The vaccine caused no untoward reaction in 400 human subjects. 

We have no evidence that the immunity which our intradermal vaccine 
produces will be a permanent one. Follow-up studies of our volunteers will 
be necessary. ; 

The potential value of the mumps vaccine has, in part, been determined. 
The actual value of mumps vaccine remains as an unsolved problem. 

Long-term immunologic epidemiologic studies must be planned and will be 
necessary in order to arrive at the solution of the problems presented. 
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SPONTANEOUS AND INDUCED GLOMERULONEPHRITIS IN 
AN INBRED STRAIN OF MICE 


ARTHUR KirscHBAuM, M.D., Pu.D., E. T. BELL, M.D., AND Jack Gorpon, M.D. 
MINNEAPOLIS, MINN. 


SPONTANEOUS disease simulating chronic glomerulonephritis has not 

been recognized in animals except in the NH strain of mice! with which 
this report deals. This stock of animals is of special significance because it 
represents a population in which the incidence of the disease is high. It should 
be possible, therefore, to study etiologic factors under controlled conditions. 

The NH stock was developed by Dr. L. C. Strong of the Yale University 
School of Medicine. In the fourth inbred generation four sublines were 
separated. One of these was established in Minnesota in the eighth inbred 
generation in 1941. Although the present stock of the Minnesota subline is 
represented by descendants of a pair of mice brought to Minnesota at that 
time, brother-sister mating was not carried out until 1948, when it was recog- 
nized that the animals develop glomerulonephritis. Subsequently selection 
of mice possessing genetic susceptibility toward the disease has been attempted 
by mating the progeny of animals which develop nephritis. 

The NH mice are very obese animals at the age of six months. Old adults 
may attain a weight of 50 grams, which is almost twice that of the average 
inbred mouse. Subeutaneously and intra-abdominally there are very large 
deposits of fat. The females especially, but males as well, develop tumors of the 
adrenal cortex? when the animals are over 1 year of age. Leucemia appears 
spontaneously in about 5 per cent of the mice, also occasional lung tumors. The 
males develop a distention of the bladder spontaneously at about 1 vear of age, 
in association with which hydronephrosis appears. The average life expectancy 
has been approximately 600 days. 

Initially the animals were maintained in the laboratory for no particular 
purpose except to provide mice for routine experiments that necessitated no 
special type of genetic susceptibility. It was noted that many NH females 
which died between the ages of 11 and 20 months were extremely edematous 
at. autopsy. There was often in excess of 1 ¢.c. of clear fluid in the chest and 
more than 2 ¢.ec. in the peritoneal cavity. The subcutaneous edema was so ex- 
treme that the distance between the abdominal muscles and epidermis was ex- 
panded to a half-inch. This fluid was usually serous and colorless although 
subeutaneously it was often yellow-tinged. Animals which developed ascites, 
hydrothorax, and anasarea usually died within a week. In certain instances 
this edematous condition subsided temporarily, but there was always recurrence, 
with death in every ease. No animal survived more than three weeks after the 
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onset of the clinical disease. There appeared to be no antecedent occurrence of 

disease, renal or otherwise. Animals which apparently had been in good health 
suddenly became quite edematous and died. The disease has occurred exclu- 
sively in females. 

Grossly the kidneys were of normal size, but always pale. Examination of 
the kidneys microscopically revealed that the seat of the pathologie disturbance 
was in the glomerulus. The glomeruli exhibited changes which correspond 
closely to those of human chronic glomerulonephritis, and the tubules contained 
protein casts. Microscopically the condition is quite different from the amyloid 
(eystic) disease which occurs in other stocks of mice, especially the Strong A.* 
A glomerular lesion similar to that found in the NH mice also has been seen 
by the authors in two mice of the F strain (Fig. 6, 13 and 14). 


The following discussion presents observations on the spontaneous disease 
in this stock of animals, and a similar condition induced by the administration 
of urethane. 


MATERIALS AND METHODS 


A control group of NH mice was maintained to determine the incidence of spon- 
taneous chronic glomerulonephritis. All animals were bred and fed a diet of Purina Fox 
Chow with no supplement. Water was always available. Often the disease was diagnosed 
subsequent to the death of the animal since the mice died very soon after the clinical on- 
set of the disease. Complete autopsies were done, sections being cut at 5 micra and stained 
with hematoxylin and eosin. In addition all kidneys were stained with azocarmine after 
fixation in Zenker’s fluid. Certain kidneys were fixed in formalin and stained for amyloid. 

After the onset of edema the mice were placed in specially constructed glass cages 
for collection of urine. Albuminuria was ascertained by the routine method of boiling 
and acidification. For blood determinations blood was drawn immediately after the 
animals had been killed with ether anesthesia. Blood was taken from the vena cava and 
oxalated. Plasma and blood obtained in this way were used for determining blood urea 
nitrogen, nonprotein nitrogen, plasma proteins, hemoglobin, red blood cell counts, and 
the titer of antibodies against streptococci. The Karr method+ was used for the de- 
termination of blood urea nitrogen, the method of Koch and MecMeekin® for nonprotein 
nitrogen and plasma protein, and Bloor’s methodé for cholesterol. 

Agglutinin titers were determined against strains of Streptococcus viridans and 
Streptococcus hemolyticus obtained from human sources. Twenty-four hour broth cultures 
were used. 


Pure cultures of Str. viridans were obtained from the pharynges of both normal and 
nephritic strain NH mice. These organisms were autoagglutinating and could not be used 
for agglutination tests. However, when injected intraperitoneally into mice, the antiserum 
thus produced contained antibodies active against the streptococci from the human source. 
This procedure was carried out to demonstrate the common antigenic properties of strepto- 
cocci from mouse and human sources, and thus justify the use for agglutination studies 
of the Str. viridans and Str. hemolyticus of the human pharynx. 


To determine whether the plasma of nephritic mice was nephrotoxie and contained 
antibodies specific for mouse renal antigen, the plasma was tested using the method of Cavelti 
and Cavelti7 for the preparation of the renal antigen. Perfused kidneys of both normal and 
nephritic mice were used as the source of antigen. One part perfused kidney to 20 parts 
saline was used in making the test antigen for determining agglutination titers. Control 
studies were carried out on nephrotoxic rabbit plasma obtained from rabbits injected peri- 
odically with a saline extract of perfused mouse kidney. 
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Since the disease was observed to occur spontaneously only in females, a series of forty- 
seven young adult males was castrated to determine whether androgenic hormone inhibits the 
development of nephritis in males. 

Following the work of Dunn and Larsen’ on the induction with urethane of glomeru- 
lar lesions in Strong A mice, a series of NH animals was treated with this drug.9 Both 
males and females were used and mice were placed on experiment when they had attained 
a weight of 20 grams (8 to 10 weeks of age). The weekly dose of urethane was 1 mg. per 
gram of body weight, given intraperitoneally in 10 per cent aqueous solution. These ani- 
mals received twenty successive weekly injections. Mice of the Strong CBA, Strong A, 
and Bagg albino stocks were treated similarly. 

NH mice were crossed with CBA and Bagg albino mice (which proved to be resistant 
to the urethane effect) to obtain F, hybrids, F, hybrids, and back-crosses. When these an- 
imals were 8 to 10 weeks of age, one group was. treated as described with urethane (twenty- 
week treatment) and controls of the same genetic constitution remained untreated. At 8 to 
10 months of age treated hybrid mice which had not developed clinical nephritis were 
killed, and the kidneys were studied histologically. The purpose of this experiment was to 
determine the inheritance of susceptibility to glomerular damage by the action of urethane. 


OBSERVATIONS 


The diagnosis of nephritis was made only if the kidneys gave definite evi- 
dence of glomerular alterations characteristic of the disease (Fig. 5, 6, 7, 8), or 
if the mouse was edematous post mortem and thus appeared to have had 
nephritis. In a few instances edema was not observed ante mortem, and the 
presence of fluid in the chest and abdomen at autopsy suggested the diagnosis 
of nephritis. In most cases, however, there was massive anasarea, and 
dyspnoea resulting from hydrothorax, thus making possible a clinical diag- 
nosis. In the fifteen eases in which the urine was tested, albumin was noted. 

Microscopically the glomeruli of the spontaneous cases exhibited endo- 
thelial proliferation (Fig. 5, 7) and thickening and splitting of the central 
basement membranes in the lobules (Fig. 5, 8) as demonstrated with the azo- 
carmine stain. They were very similar to the typical glomeruli of human chronic 
glomerulonephritis. The tubules contained protein casts (Fig. 5, 9). Tubular 
atrophy was not, however, a striking characteristic of these kidneys (Fig. 5, 6 
and 9). Microscopically the condition was quite different from the amyloid 
cystic disease which occurs in Strong A mice. 

Chemical studies on edematous mice revealed albuminuria, elevation in 
blood urea nitrogen and nonprotein nitrogen (Table I), decrease in plasma 
proteins (Table II), and marked anemia with a parallel decrease in hemoglobin 
and red blood eell count (Table III). The protein content of the edema fluid 
ranged from 1.7 to 1.9 grams per cent. 


TABLE I. LEVELS OF NONPROTEIN AND UREA NITROGEN IN THE BLOOD OF NORMAL AND 
NEPHRITIC MICE OF THE NH STRAIN 








UREA NITROGEN NONPROTEIN NITROGEN 
NUMBER OF (MG. PER CENT) (MG. PER CENT) 

GROUP MICE | RANGE | AVERAGE | RANGE | AVERAGE 
Control 18 19-27 22 45-70 51 
Spontaneous nephritis 37-105 64 94-180 134 
Urethane nephritis 50-265 140 67-300 202 
Castration-induced nephritis 264 
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TABLE II. PLASMA PROTEIN VALUES IN NORMAL AND NEPHRITIC MICE 








TOTAL PLASMA PROTEIN 
NUMBER OF (GM. PER CENT) 
GROUP MICE | RANGE | AVERAGE 
Control 9 5.1-6.4 5.9 
Spontaneous nephritis 4 3.9-5.0* 4,3* 
Urethane nephritis 8 3.9-6.4¢ 4.9¢ 











*All mice were edematous. 


jOnly five of the eight mice in this group were grossly edematous at autopsy. Micro- 
scopically there were glomerular lesions in all. 


TABLE IIT. RED BLoop CELL CoUNTS, HEMOGLOBIN VALUES, AND LEVELS OF BLOOD UREA 
NITROGEN IN INDIVIDUAL NH MicE WIitH NEPHRITIS* 











RED BLOOD COUNT HEMOGLOBIN LEVELS OF BLOOD UREA NITROGEN 
( MILLIONS ) | (GM. PER CENT). (MG. PER CENT) 
2.0 4.4 105.4 
= 4.5 60.5 
4.1 7.0 53.8 
4.8 io 37.0 


*Spontaneous nephritis. 








TABLE IV. PLASMA CHOLESTEROL VALUES IN NORMAL AND NEPHRITIC NH MICE 








TOTAL PLASMA CHOLESTEROL 
NUMBER OF (MG. PER CENT) 
GROUP MICE RANGE | AVERAGE 
~~ Control 5 98-107 100 
Spontaneous nephritis 3 198-430 286 
Urethane nephritis 186-431 296 














From the bacteriologic standpoint, the titer of antibodies versus streptococci 
was no higher in mice with nephritis than in nonnephritie mice of this stock 
(Table V). If, however, NIT mice were immunized versus streptococci they were 
capable in some eases of maintaining high titers of antibodies for many months 


(Table V). 


TABLE V. AGGLUTININ TITERS AGAINST STR. VIRIDANS IN THE PLASMA OF NEPHRITIC, NORMAL, 
STREPTOCOCCUS-INJECTED MICE 





ee ~ | PERIOD AFTER — 
TOTAL NUMBER OF | | INOCULATION | AGGLUTINATION | NUMBER OF 
MICE | TREATMENT (MO. ) | TITER | MICE 


10 Nephritie (spontaneous ) None 


Neg. 
1:50 
7 Normal None Neg. 
:50 
:800 
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INCIDENCE OF SPONTANEOUS GLOMERULONEPHRITIS IN FEMALE NH MICE 
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Fig. 1.—Illustrates the age incidence of spontaneous glomerulonephritis in female mice of the 
NH strain. 
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Fig. 2.—Illustrates the absence of glomerulonephritis in male mice of the NH strain. The 
males were of comparable age to the group of females in which the incidence of glomerulone- 
phritis was high. 
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Fig. 3.—Illustrates that a small per cent of castrated males developed glomerulonephritis. 
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INCIDENCE OF URETHANE-INDUCED GLOMERULONEPHRITIS 
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Fig. 4.—TIllustrates the age of occurrence and incidence of urethane-induced glomerulonephritis 
in NH mice of both sexes. 


The age incidence of spontaneous nephritis in female NH mice is presented 
in Fig. 1. Seventeen out of forty-eight females developed the disease, which 
appeared between the ages of 11 and 19 months. By contrast, none of twenty- 
eight males, all of which lived eleven or more months, developed nephritis (Fig. 
2). Four of forty-seven castrated males developed the disease (Fig. 3). These 
observations were on pedigreed stock. Previous to inbreeding, twenty-four 
eases had been observed in a group of fifty-nine females, and one questionable 
case in seventy-one males. 

All female mice 11 months or more of age had estrogen-secreting adenomas 
of the adrenal cortex, whereas such adenomas did not appear spontaneously in 
males. When either males or females of this stock are eastrated, these 
adenomas are present within five months. Thus, all the castrated males pos- 
sessed cortical adenomas which secreted estrogenic hormone.’° 

Although the disease did not appear spontaneously in males, animals of 
both sexes injected with urethane in the manner described developed clinical 
nephritis (Fig. 4) which was grossly indistinguishable from the spontaneous 
disease. Neither Bagg albino, CBA, Strong A, nor FA mice responded in a 
similar manner. Thus, in only mice of the ‘‘high nephritis’? NH stoek was 
glomerulonephritis induced by urethane. 


Fig. 5.—5, Renal corpuscle of adult male NH mouse. Parietal layer of Bowman’s capsule 
composed of cuboidal epithelial cells indicating androgenic stimulation. Capillary loops of 
glomerulus well shown. Delafield’s hematoxylin-basic fuchsin. Photomicrograph 350. 

6, Renal cortex from a spontaneous case of chronic glomerulonephritis in an NH female 
mouse. The glomerular capillaries are almost completely occluded and some hyaline changes 
are noted. Azocarmine stain. Photomicrograph X200. 

7, Glomerulus from a spontaneous case of chronic glomerulonephritis in an NH female 
mouse. The glomerular capillaries are completely occluded by endothelial ceils. This lesion 
corresponds closely to human acute glomerulonephritis. Azocarmine stain. Photomicrograph 
X275. 

8, Glomerulus from spontaneous chronic glomerulonephritis in an NH female mouse. The 
central capillary basement membranes have thickened and fused to form hyaline masses in the 
centers of the lobules. Many of the capillaries in the periphery of the lobules are still open. 
This closely resembles the early chronic stage of human glomerulonephritis. Azocarmine stain. 
Photomicrograph 350. 

9, Kidney section from spontaneous chronic glomerulonephritis in an NH female mouse, 
showing casts in the tubules. Azocarmine stain. Photomicrograph X150. 

10, Amyloid deposits in the renal corpuscles of an NH female mouse following long-term 
administration of urea. Note that this lesion is entirely different from glomerulonephritis. 
Hematoxylin-eosin. Photomicrograph X150. 
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Fig. 5.—(Legend on opposite page.) 
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In urethane-treated mice the glomerular lesions were not identical with 
those seen spontaneously (Fig. 6, 71, and 12). In the latter the endothelial 
proliferation is the most prominent pathologic feature. In urethane-induced 
nephritis, thickening of the capillary basement membrane is much more con- 
spicuous than endothelial proliferation (Fig. 6, 11). The end result is a fibrotic 
glomerulus (Fig. 6, 12) which is smaller than the hyaline glomerulus of the 
spontaneous case (compare Fig. 5, 8 and Fig. 6, 72). The development of this 
type of glomerulus is determined not only by urethane but also the genetic 
constitution of the host. Although the glomeruli of neither Bagg albino nor 
CBA mice became fibrous as a result of the administration of urethane, many 
of the hybrids (receiving urethane) between either of these stocks and NH 
mice developed the small hyaline glomeruli. The tendeney toward clinical 
nephritis is not as great in hybrids as in pure NH mice. 


Lesions other than those in the kidneys were noted in mice injected with 
urethane. Adenomas of the lung’! appeared in all stocks of mice thus treated. 
Cavernous hemangiomas were present in the livers of certain animals receiving 
urethane, especially mice of the Bagg albino strain and hybrids between this 
and other strains. 


DISCUSSION 


The glomerular alterations occurring spontaneously in female NH mice 
seem to be identical with those of human chronic glomerulonephritis.’* Second- 
ary tubular atrophy is not prominent, however, in the mouse kidneys. Perhaps 
an insufficient period of time elapses in the mouse between glomerular closure 
and death so that tubular atrophy may result. Glomerular lesions were wide- 
spread (Fig. 5, 6) and glomerular closure seemed to be rather complete in some 
cases. 

Determination of antibodies failed to reveal any information indicating 
an association of infection with the mouse disease. Some of the glomeruli ex- 
hibited endothelial proliferation (Fig. 5, 7) as in human acute glomerulo- 
nephritis associated with bacterial infection. It is possible that the human 
and mouse diseases are pathologically and clinically similar, but etiologically 
unrelated. Or perhaps chronie glomerulonephritis is not necessarily associated 
with antecedent bacterial (streptococeal) infection.* High antistreptolysin 
titers have been found in human acute but not chronic glomerulonephritis.”* 


Mouse and rat glomeruli exhibit a sexual dimorphism™ (Fig. 5, 5), and 
there is a sex difference in the occurrence of this renal glomerular disease. That 
this susceptibility to the development of glomerulonephritis is, at least to some 
extent, on a hormonal and not only a genetic basis is illustrated by the oceur- 
rence of the disease in castrated males with estrogen-secreting adenomas of 
the adrenal cortex. The incidence of the disease in castrates is admittedly small. 
The possible inhibiting effect of androgen on the development of spontaneous 
and induced nephritis should be tested. 


*Dr. B. J. Clawson of the Department of Pathology, University of Minnesota, has in- 


‘formed us that he has found high titers of streptococcic (Str. viridans and Str. hemolyticus) 
agglutinins in several cases of human chronic glomerulonephritis, 
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Fig. 6.—11, Thickening of glomerular capillary basement membrane in urethane-treated 
NH mouse. This lesion bears some resemblance to human lipoid nephrosis. Azocarmine stain. 
Photomicrograph X350. 

12, Small fibrotic glomerulus resulting from urethane treatment. The capillary lumens 
are occluded by the thickened basement membranes. Such glomeruli were found only in 
urethane-treated mice of the NH strain. Azocarmine stain. Photomicrograph 300. 

18, Glomerulus from a strain F mouse with chronic glomerulonephritis. The disease 


occurs occasionally in this strain and the lesions are similar to those found in NH mice. 
Azocarmine stain. Photomicrograph X300. 

14. Glomerulus from strain F mouse showing one portion with capillaries plugged as a 
result of endothelial proliferation. Note mitotic figure. Hematoxylin-eosin. Photomicrograph 


xX 350. 
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Blood studies indicate a high degree of renal insufficiency and anemia in 
the advanced disease. These animals fepresént good material for the investiga- 
tion of the anemia associated with uremia. Hypercholesterolemia is, perhaps, 
to be related to the low level of plasma proteins. 

The concomitant occurrence of spontaneous tumors of the adrenal cortex 
and renal disease in females of this stock may be merely coincidental. Animals 
injected with urethene developed glomerulonephritis in the absence of adrenal 
cortical hyperplasia. There is no evidence that these adenomas may secrete 
hormones other than the sex steroids. 

Since other investigators have been able to induce glomerulonephritis in 
rats by the injection of nephrotoxic sera,’’ determination of antibodies versus 
renal antigen was made. There was nothing to indicate that specific antibodies 
against a renal antigen were present in the plasma of nephritie mice (Table VI). 


TABLE VI. AGGLUTININ TITERS AGAINST NORMAL AND NEPHRITIC RENAL ANTIGEN IN 
THE PLASMA OF NORMAL AND NEPHRITIC MICE 





= 7 | AGGLUTINATION TITER VS. 
TOTAL NUMBER NORMAL NEPHRITIC NUMBER OF 
OF MICE TREATMENT KIDNEY KIDNEY MICE 
7 Nephritic None Neg. 
(spontaneous ) 1:50 
1:100 
1:200 














Nephritic None 
(spontaneous) 
Normal . None Neg. 
1:50 
1:100 
2 Normal None 
Normal Kidney inject. Neg. 
1:200 
Normal Kidney-strep. inject. Neg. 
1:100 
1:200 
Normal Liver-strep. inject. Neg. 
1:400 
0.1 ¢.c. nephritic rabbit sera (antimouse kidney) with titers of 1:800 or more induced 
passive anaphylaxis in mice. The values obtained in this table may represent nonspecific 
agglutination. 
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The influence of streptococcal infection and streptococeal toxins on the 
development of renal glomerular lesions in NH mice should be determined. 
Preliminary experiments indicate that inoculations of Str. viridans over a period 
of several months do not cause nephritis to appear precociously in NH mice. 
It should also be determined whether substances related to urethane (ethyl ear- 
bamate) affect the renal glomeruli. Nephritis was not induced by injections 
of either urea or thiourea although amyloid disease appeared in some animals 
so treated (Fig. 5, 10). Weekly anesthetic doses of Sodium Amytal or mag- 
nesium sulfate also failed to induce renal disease in NH mice. Thus, anesthesia 
per se (urethane is a general anesthetic) would appear not to be a factor of 
importance in the response of NH mice to urethane. 

The genetic aspects of NH nephritis have not been investigated, although 
‘the disease has been observed by the authors in F, hybrids between the NH and 
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other strains of mice. This is in contrast to the amyloid cystic disease of 
strain A mice, susceptibility to which is inherited as a Mendelian recessive.’® *” 
Amyloid cystie disease also appears in mice of both sexes. Ilistologie studies 
show clearly that the occlusion of the NH glomeruli is not the result of deposi- 
tion of amyloid. Spontaneous amyloid disease does occur occasionally, however, 
in mice of the NH stock. 

The tendeney to develop fibrotic glomeruli following the administration 
of urethane is also not heritable as a simple Mendelian recessive. All types of 
hybrids (F,, F., and back-crosses) developed ‘‘urethane glomeruli’’ following 
twenty weekly doses, although clinical nephritis appeared only ‘occasionally in 
hybrids. It is unlikely that the susceptibility of NIT mice to both spontaneous 
and urethane-induced nephritis is without causal relation. Although histo- 
pathologically the spontaneous and urethane-induced diseases are not identieal, 
in both instances there is occlusion of the glomerular capillaries, and the renal 
lesions are confined to the glomeruli. 

Preliminary observations suggest a rise in blood pressure in mice with 
glomerulonephritis; this subject will be considered in a future communication. 
Histologically the amount of renal glomerular closure may be extreme. How- 
ever, the small amount of tubular degeneration suggests that renal ischemia is 
not general. Perhaps the renal tubules of mice are supplied from an arterial 
source other than the efferent arterioles. 


SUMMARY 


1. A disease resembling human chronic glomerulonephritis occurs spon- 
taneously in female mice of tlie NH stock. This disease is characterized by 
albuminuria, edema, nitrogen retention, hypoproteinemia, anemia, and hyper- 
cholesterolemia. The glomerular lesions are histologically identical with those 
of human ehronie glomerulonephritis, but tubular atrophy is inconspicuous 
and the kidneys do not become contracted. Blood pressure is perhaps moder- 
ately elevated. 


2. The disease appears in about 40 per cent of intaet females and 10 per 
eent of castrated males; nephritis does not occur spontaneously in males. The 
age of occurrence is from 11 to 20 months. 


3. The titer of antibodies specifie for streptococci in the blood of nephritie 
mice is the same as in nonnephritie mice of the NH and other strains. 


4. A disease similar to but not pathologically identical with the spontaneous 
nephritis was induced in strain NH mice of both sexes by the administration 
of urethane. Four other inbred stocks resisted the induction of glomerulo- 
nephritis by this drug. 
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STREPTOCOCCUS VIRIDANS ENDARTERITIS OF 
AN ARTERIOVENOUS ANEURYSM 


CURED BY PENICILLIN AND SURGICAL EXCISION 


Morris STATLAND, M.D., AND T. G. Orr, M.D. 
KANSAS City, KAN. 


ASSIVE doses of penicillin, with the aid of secretory blocking agents 

such as Caronamide, have brought the formerly fatal subacute bacterial 
endocarditis within range of therapeutic control. However, even after cure 
of the infective agent, cardiac limitation due to valvular pathology remains, 
and the danger of recurrence of the same illness is always present. This is 
also true in instances of bacterial endocarditis with the vegetations occurring 
on congenital cardiac anomalies. In subacute bacterial endarteritis, in which 
the infected vegetations occur on arteriovenous communications outside the 
heart, it is possible to effect a permanent cure with penicillin and surgical 
removal of the aneurysm. Such arteriovenous communications may be con- 
genital, as in patent ductus arteriosus, or may be the result of trauma as in 
arteriovenous aneurysms. 

A few cases of bacteremia associated with arteriovenous aneurysms have 
been reported.’)? The first cure of bacterial endarteritis in such an aneur- 
ysm was recorded by Hamman and Rienhoff* in 1935. In this ease, the ar- 
teriovenous aneurysm of the external iliac artery and vein resulted from a 
gunshot wound inflicted nine years previously. Surgical removal of the 
aneurysm was the only treatment in this case. In 1939 Leaman‘ reported the 
case of an arteriovenous aneurysm in a patient with bacteremia. Following 
surgical removal of the aneurysm, the patient continued to have fever and 
apparently still had bacterial endocarditis. In 1942 Touroff, Lande and 
Kroop® reported a surgical cure of an infected arteriovenous aneurysm with 
resultant clearing of septicemia. The next recorded cure was by Lipton and 
Miller® in 1944. Septicemia associated with an arteriovenous aneurysm of the 
femoral vessels was cured by excision of the aneurysm. In 1946 Shumacker, 
Welford, and Carter’ reported the case of a 26-year-old soldier who developed 
bacterial endarteritis in an arteriovenous aneurysm caused by a grenade 
wound two years before development of septicemia. This patient was treated 
with penicillin in doses of 100,000 to 200,000 units daily, with subsequent nega- 
tive blood cultures. Surgical removal of the aneurysm effected a cure al- 
though viable organisms were present in the vegetations at the time of op- 
eration. 

The case of bacterial endarteritis in an arteriovenous aneurysm described 
in this report was cured by removal of the aneurysm. The patient was first 
treated intensively with penicillin, which resulted in sterilization of the blood 


stream before operation. 


From the Departments of Internal Medicine and Surgery, University of Kansas School 
of Medicine. 
Received for publication, Sept. 27, 1948. 
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CasE Report.—H. H., an 18-year-old white man, was admitted to the University of 
‘Kansas Medical Center on Jan. 6, 1948. His chief complaints were fatigue, shortness of 
breath, palpitation of the heart, fever, and profuse sweats. There was no history of past 
disease which might have contributed to his present illness. 

On Aug. 2, 1944, this patient received an accidental gunshot wound of the right thigh 
while hunting. The femoral artery and vein were severed about 6 em. below the inguinal 
ligament. This resulted in gangrene of the foot and an amputation was done at the juncture 


Bits 


Fig. 1.—Roentgen ray picture of the heart before operation. 


of the middle and upper thirds of the right leg. Recovery was prompt and an artificial limb 
was fitted within six months after the amputation. Several months after the accident the 
patient noticed that he had a throbbing area in the upper right thigh, but since it did not 
cause pain or inconvenience he was not concerned about it. 

He gave a history of frequent toothache, sore throat, and upper respiratory tract in- 
fections during the past two or three years. Eighteen months prior to admission to the 
hospital he began to have shortness of breath on exertion, weakness and fatigue, associated 
with ‘‘pounding’’ of the heart. These symptoms grew progressively worse until six months 
before entering the hospital, when the patient developed chills, fever, nausea, and vomiting. 
He also had frequent throbbing frontal headaches. He was treated by local physicians who 
noted that he had an enlarged heart, cardiac murmur, daily fever, and anemia. One of his 
physicians made a blood culture which was reported to contain an abundant growth of long 
chain streptococcus, and a diagnosis of endocarditis was made. 

When this patient entered the hospital he was poorly nourished and obviously acutely 
ill. His temperature was 100.2°. The pulse was regular and of the water-hammer type. 
De Musset.’s sign was present. The blood pressure in the right arm was 130/30 and in the left 
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Fig. 2.—Photograph of excised aneurysm. (Pointer indicates vegetation.) 


arm 130/20. The entire precordium throbbed and pulsated, and the heart was enlarged, as de- 
termined by percussion. There was a loud rasping systolic murmur and a soft diastolic 
murmur heard in the mitral area. Harsh systolic murmurs were heard to the left of the sternum 
in the second and third interspaces over the aortic area and over the carotid vessels. All periph- 
eral vessels were throbbing and showed the typical Corrigan type of pulse. The spleen was en- 
larged. An ovoid mass 4 by 6 em, in size was palpated in the right thigh just below the in- 
guinal ligament. This mass was pulsating and expansile, and a to-and-fro machinery-type 
murmur was heard over the mass. The murmur was transmitted to the right lower quadrant of 
the abdomen and along the thigh to the knee. When the pulsation was obliterated by pressure 
over the femoral vessels, the pulse rate was reduced from 100 to 70. No temperature changes 
were noted in the right lower extremity. The leg had been amputated below the knee. 
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Examination of the urine showed a faint trace of albumin. The hemoglobin was 8.4 
‘Gm. and the white cell count was normal. The Wassermann and Kahn tests were normal. 
The total proteins were 6.04 Gm. with normal albumin-globulin ratio. The blood sedimentation 
showed a fall of 32 mm. at the end of an hour. Blood cultures on the second and third days 
after admission showed growths of Streptococcus mitis. With sensitivity tests to penicillin 
and sulfadiazine, the growth was inhibited by .048 unit per cubic centimeter and .25 mg. per 
cubic centimeter respectively. 

3y X-ray examination the heart was enlarged, measuring 18 em. in its greatest diameter 
(Fig. 1). One half of the inside diameter of the chest measured 15 centimeters. Electro- 
eardiogram readings were: heart rate 88, P-R interval 0.16, rhythm sinus, QRS complexes 
upright in the limb leads, small 8-2, T waves upright in all leads; sound tracings of the heart 
showed diastolic and systolic murmurs at the apex associated with an increased first sound 
and evidence of a systolic murmur in the pulmonic area. 

On the sixth day after admission to the hospital, penicillin in 300,000 unit doses was 
started and continued every three hours by intramuscular injections. Caronamide was also 
given in 2 Gm. doses every three hours. Within twenty-four hours the temperature was normal 
and remained normal thereafter. Penicillin levels varied be‘ween 8.170 and 17.306 units per 
cubic centimeter. After three days of penicillin therapy the blood culture was negative and 
remained negative. Two transfusions were given which increased the hemoglobin to 11.7 
grams. Although palpitation and fatigue continued, the patient was otherwise symptom free 
and had gained weight during thirty days of treatment. He received a total of 72,000,000 
units of penicillin over a period of thirty days. The sedimentation rate showed very little 
change. 

Forty-five days after admission to the hospital and thirty-nine days after the beginning 
of penicillin treatment, the arteriovenous aneurysm was completely excised. During the opera- 
tion, as soon as the vessels leading to and from the aneurysm were clamped or ligated the 
pulse quickly dropped from 105 to 70 and the blood pressure increased from 130/30 to 140-90. 
One hour after operation a reduction in size of the heart could be detected by physical 
examination, as verified by several of the staff. There was a faint presystolic murmur 
in the mitral area but no systolic murmur was heard. No thrills were detected. Faint 
systolic murmurs were heard in the tricuspid, aortic and pulmonary valvular areas. On the 
day after operation the heart appeared to be relatively normal in size; the heart sounds were 
of good quality, and no thrills or murmurs were detected. The blood pressure averaged 
140 systolic and 70 to 90 diastolic. 

The excised aneurysm measured approximately 5.5 by 4 by 3 em. (Fig. 2). The cavity of 
the aneurysm had numerous sacculations. Several pinkish and grayish-white papillary projec- 
tions were formed outside the sac. The pathologist reported a diagnosis of aneurysm with 
arteriosclerosis, calcification, ulceration, and acute and chronic inflammatory reaction with 
vegetations. Shadowy granular forms were found in the vegetations which suggested chains 
of bacteria. 

The postoperative course was uneventful. The wound healed per primam. Repeated 
blood cultures were negative. The vivod count and sedimentation rate returned to normal. 
Three days after operation the transverse diameter of the heart measured on the x-ray 
film was 16.5 em., and ten days postoperatively the heart measured 14.8 em. in diameter 
(Fig. 3). The heart appeared to be normal in size. The electrocardiogram was normal. 
No heart murmurs were detected with repeated sound tracings. 

When dismissed from the hospital on March 11, 1948, approximately two months 
after admission, the patient apparently had recovered completely. 


DISCUSSION 


This 18-year-old patient on physical examination presented findings which 
were indicative of endocardial disease of the valves of the heart. In addition 
to marked enlargement of all chambers of the heart, he showed harsh murmurs 
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over the precordium, both systolic and diastolic in time. He gave, however, 
no history of previous cardiac difficulties, no evidence of congenital heart 
lesions early in life, nor did he present any findings of peripheral embolic 
phenomena. That no valvular lesions existed was proved by the rapid return 
of his heart to normal size in ten days and the subsidence of all murmurs within 
twenty-four hours following operation. 
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Fig. 3.—Schematice drawing of excised aneurysm. 


It is a well-known fact that transient streptococcus bacteremia occurs 
frequently in respiratory infections, sinus infections, and in dental extractions. 
As in the case with damaged valvular endocardium, the damaged endothelium 
of an arteriovenous aneurysm will serve as a focus upon which bacteremia 
may settle and multiply. The infected aneurysm will then serve as a con- 
stant source of bacteremia. This patient was started on large doses of peni- 
cillin before sensitivity tests of his organism had been earried out, and it 
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after operation. 


Fig. 5.—Roentgen ray film of the heart ten days after operation. 
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was not deemed wise to reduce the dosage when once started. Vesell and 
Kross* recommend that bacterial endarteritis engrafted upon a patent ductus 
arteriosis should be treated vigorously with penicillin before operation. Should 
small emboli be dislodged during the trauma of surgery, morbidity is cer- 
tainly reduced by earlier sterilization of vegetations. That this patient’s 
vegetations were sterile was verified by culture and by microscopic study 
which revealed only shadowy forms of pre-existent organisms. 

The fact that no vascular insufficiency evidenced by edema or tempera- 
ture changes developed in the extremity following operation is not surprising 
since Pratt® reports that three to six months is sufficient time for completely 
adequate collateral circulation to develop in the presence of an arteriovenous 
aneurysm. 

The recognition of endarteritis in arteriovenous aneurysms is particu- 
larly important at this time since an increase in frequency of such infections 
may be anticipated in the future as a result of wounds of blood vessels during 
the last war. Certainly it is of importance to bear in mind such a possibility 
in all cases of streptococcus septicemia, since a dramatic and permanent cure 
ean be effected in such eases. 



















SUMMARY 









A fifth case of streptococcus septicemia due to endarteritis of an arterio- 
venous aneurysm is presented. A cure was achieved by the use of penicillin 
and surgical removal of the aneurysmal sae. 
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THE RESISTANCE OF RECENTLY HEALED EXCISIONAL ULCER 
OF THE STOMACH TO HISTAMINE-INDUCED ULCER 


E. H. Hare, M.S., M.D., anp M. I. Grossman, M.D., Pu.D. 
CuHicaco, ILL. 


INTRODUCTION 


T HAS long been known and repeatedly confirmed that a surgically produced 

defect in the gastric mucosa will heal spontaneously within three weeks, even 
in the presence of normal gastric secretion of acid and pepsin. Dragstedt' made 
acute ulcers from 1.0 to 1.5 em. in diameter in the mucosa of a Pavlov pouch; 
healing occurred in five to fifteen days. Matthews and Dragstedt? found that 
uleers made in the pyloric mucosa of dogs with silver nitrate healed in fifteen to 
eighteen days. Morton*® observed in the dog that defects 2 em. in diameter in 
the fundie and pylorie mucosa healed in two weeks. Mellroy* found that ulcers 
of the stomach, produced by burning with a hot wire, would heal in fourteen 
days in the fundus and seventeen days in the pylorus. Bolton® observed that 
experimental ulcers healed within three weeks regardless of their location in 
the stomach. 

It also has been demonstrated that an excisional uleer of the stomach will 
be delayed or prevented from healing if histamine in sufficient dosage is given 
within one to two days postoperatively. MelIlroy* produced acute ulcers in the 
pylorus of seven eats and injected 10 to 20 mg. of histamine acid phosphate 
subeutaneously on alternate days. In eight control cats the pylorie lesion re- 
quired seventeen days to heal. In the eats given histamine, the initial lesion, 
instead of healing in from eight to fifteen days, had extended in six of the seven 
animals and perforated in one. Flood and Howes,*® using eats and dogs, inter- 
preted their observations as indicating that the injection of 1 to 2 mg. of his- 
tamine per kilogram body weight twice daily interfered with the healing of 
prepylorie mucosal defects but not consistently with defects in the mucosa of 
the cardia. Similar results were reported by O’Shaughnessy* and Carnot and 
eo-workers.* Price® has recently shown that the daily administration of  his- 
tamine in beeswax to dogs causes extension of surgical excision uleers in the 
stomach. The apparently negative results obtained by Friedenwald, Feldman, 
and Morrison'’® may be attributed to the low dose of histamine that was used 
(average daily dose of 0.8 to 1.2 mg. given in one to three doses subcutaneously ). 

Hay, Vareo, Code, and Wangensteen'' have shown that superficial and per- 
forating ulcers of the pylorus and duodenum could be produced in dogs by the 
daily administration of 30 mg. of histamaine (hase) in mineral oil and beeswax 
medium. 

It. was considered of interest to study the sensitivity of the healed excisional 


uleer to histamine-indueed uleer. 


From the Department of Clinical Science, University of Illinois College of Medicine. 
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RESISTANCE OF HEALED EXCISIONAL ULCER TO INDUCED ULCER 


METHODS 











Thirty-three mongrel dogs, ranging in body weight from 7 to 15 kg., were used, Surgical 
excisional uleers were made on the lesser curvature of either the fundie or pyloric portion of 
the gastric mucosa. The pyloric defects were made 2 to 4 cm, from the pyloric sphincter. 
Under ether anesthesia an appropriate longitudinal incision was made in the anterior wall of 
the stomach and the mucosa of the lesser curvature was evaginated through the wound. 
Approximately 1 sq. em. of gastric mucosa was excised from the submucosa with scissors. 
After closure of the stomach and abdomen the dogs were allowed water on the first day and 
water and standard dog ration thereafter. 

The histamine-beeswax suspension that was used was prepared from the following 
formula: Histamine di-hydrochloride (Imido, Hoffmann-La Roche) 6.0 Gm., peanut oil 30.5 
e.c., and white beeswax 3.8 grams. The weighed amount of histamine was ground to a fine 
powder with a mortar and pestle. Four-fifths of the total volume of peanut oil was then 
gradually mixed in and heated in an oven to 70° C. The beeswax and the remainder of the 
oil were melted together and added to the histamine mixture. After thorough mixing the 
suspension was aspirated into heated syringes. Thus the final volume of 36 ¢.c. was calculated 
















to contain 100 mg. of histamine base per c¢.c. of suspension. 

The usual dose of histamine-beeswax suspension was 30 mg. of histamine base per dog 
given once daily intramuscularly. This is the dosage used by Hay and associates.11 However, 
as the incidence of ulcer was rather low in the earlier experiments, this dosage was increased 
two to eight times and given in two daily injections in many instances. Dogs iF through IL 
were deprived of food and water on alternate days to enhance the ulcerogenic effect of his- 
tamine, 

Three series of studies were performed : 












1, Control experiments with histamine alone. 
2. Histamine injections begun three weeks after fundie excisional uJcer. 
3. Histamine injections begun three weeks after pyloric excisional ulcer. 
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RESULTS 






Control Experiments With Histamine Alone—(See Table I.) It may be 






neted that five out of twelve dogs had pylorie or duodenal uleers. These ulcers 

. . ’ . - . . * 
varied in character from multiple, acute hemorrhagic ulcers to single, chronie, : 
perforating uleers. Weight loss occurred in all animals in whieh death was } 





spontaneous. Anorexia and/or vomiting preceded death by one to three days 
in most eases. 









TABLE I. INCIDENCE OF ULCERS IN NorMAL Docs RECEIVING HISTAMINE IN BEESWAX 




























SURVIVAL | 













TIME POST-MORTEM FINDINGS 
DOG (DAYS) | FUNDUS | PYLORUS | DUODENUM 
Jd 4 Neg. Neg. 2 acute ulcers ; 
KK 10 Neg. Neg. 2 chronic perf. ulcers 
LL 8 Neg. Neg. Neg. 
MM 8 Neg. Neg. Neg. 
O ? Neg. Neg. Neg. 
(gy 5 Neg. 3 acute ulcers 1 acute ulcer 
Q 11 Krosions Neg. Neg. 
R 7 Neg. 2 acute uleers Neg. 
Ss 12 Neg. Neg. 2 acute ulcers 
fity 5 Neg. Neg. Neg. i 
U 14 Erosive gastritis Neg. Neg. 
V 53 Neg. Neg. Neg. 














Each dog received 30 mg. of histamine (base) in beeswax-peanut oil once daily. Dog V 
received 30 mg. once daily for thirty days and 30 mg. twice daily for twenty-three days. 
Dogs LL, MM, and V were sacrified. The other dogs died. 

Summary: Five out of twelve dogs had pyloric and/or duodenal ulcers. 
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The Effect of Histamine on 3-Week-Old Fundic Excisional Ulcers.— (See 
Table II and Fig. 1.) Four out of five dogs succumbed to ulcers of the duo- 
denum. In each dog the fundic excisional ulcer as well as the gastrostomy were 
completely healed as evidenced by sear contracture. It is to be considered that 
histamine-beeswax ulcer seldom, if ever, occurs in the fundus of the stomach. 


_ Fig. 1.—The excisional ulcer of the fundus was made three weeks prior to starting daily 
injections of histamine in beeswax for three days. The animal died as a result of perforation 
of the duodenal ulcer. 


TABLE II. INCIDENCE OF ULCERS IN DoGs IN WHICH DAILY INJECTIONS OF HISTAMINE IN 
BEESWAX WERE BEGUN THREE WEEKS AFTER EXCISING A PIECE OF FUNDIC MUCOSA 











SURVIVAL | 
TIME EXCISION | GASTROS- 

DOG (DAYS) uLceR | ToMy | FUNDUS | PYLORUS DUODENUM 

A + Healed Healed Neg. Neg. 5 large nonperf. ulcers 
B 34 Healed Healed Neg. Neg. Severe duodenitis 

C 4 Healed Healed Neg. Neg. 1 large ulcer 

D é Healed Healed Neg. Neg. 1 chronic ulcer 

E 3 Healed Healed Neg. veo. 1 large perf. ulcer 














Each dog received 30 mg. of histamine (base) once daily. Dog B was sacrificed; the 
remaining dogs died. 

i Summary: Four out of five dogs had duodenal ulcers. In all cases the excisional ulcer 
and gastrostomy were completely healed. 
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The Effect of Histamine on 3-Week-Old Pyloric Excisional Ulcers.—(See 
Table III and Fig. 2.) Seven out of twelve dogs had ulcer of the pylorus and/or 
duodenum. In every instance the excisional ulcer was completely healed and 
did not reulcerate as a result of histamine administration. The incomplete 
healing of two of the gastrostomy wounds was probably due to the use of non- 
absorbable suture material in closing the wound. The fact that ulcerations did 
occur in areas immediately adjacent to the healed ulcer is strong evidence of 
the local resistance of the healed ulcer. 


Fig. 2.—The excisional ulcer was made three weeks before the daily injections of 
histamine in beeswax were started. The animal was sacrificed after twelve days of injections 
because it was moribund. Note that ulcers and erosions occurred immediately adjacent to the 
healed ulcer but spared the scar itself. 


DISCUSSION 


On mere speculation, a healed ulcer might be expected to be more susceptible 
than adjacent normal mucosa to injury from histamine and gastric hypersecre- 
tion. Certainly present-day concepts hold that the ‘‘recurrence’’ of peptic ulcer 
in a patient usually represents the breaking down of the old ulcer site rather 
than the formation of an ulcer at a new site. The evidence of the increased 
resistance of a recently healed fundie or pyloric excisional ulcer, which is pro- 
vided by the present studies, is subject to several interpretations. 
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TABLE ILI. INciwENCE OF ULCERS IN DoGS IN WHICH DAILY INJECTIONS OF HISTAMINE IN 
BEESWAX WERE BEGUN THREE WEEKS AFTER EXCISING A PIECE OF PYLORIC MUCOSA 











SUR- 
VIVAL 
TIME | EXCISION GASTROS- | 
poc |(DAYS)| ULCER TOMY | PUNDUS PYLORUS DUODENUM 





F 28 Healed Healed Neg. Neg. Neg. 
G 6 Healed Healed Erosions  Erosions 1 acute uleer 
H 28 Healed Healed Neg. Neg. Neg. 
I 28 Healed Healed Neg. Neg. Neg. 
xX BY) Healed Incompletely Neg. 3 acute ulcers Neg. 
healed 
¥ Healed Healed Neg. 1 perf. ulcer Neg. 
1 small ulcer 
Z 2 Healed Healed Neg. Neg. Severe duodenitis 
EE Healed Healed Neg. Neg. Neg. 
FF Healed Healed Erosions  FErosions Healed perf. ulcer 
GG Healed Incompletely Neg. Multiple acute Neg. 
healed uleer 
HH : Healed Healed Neg. Multiple acute Neg. 
ulcer 
IT Healed Healed Neg. 1 large perf. ulcer 1 chronic ulcer 
Dogs F, H, I, X, Z, and HH were sacrificed; the remainder died. 
Summary: Seven out of twelve dogs had ulcers of the pylorus and/or duodenum. All 
excisional ulcers were completely healed. 





One consideration is that a recently healed uleer may have cells which are 
more resistant to damage. This may be due either to an inherent property of 
the epithelial cells or to the vascularity of the underlying granulation tissue. 

The studies of others whose work has already been cited have shown that 
the fresh unhealed excisional ulcer is more susceptible than the surrounding 
normal mucosa to histamine induced ulceration. Our studies show that some- 
time during the healing process this increased susceptibility is reversed, resulting 
in a greater than normal resistance of the healed ulcer. 

It is probable that human peptic ulcers are often not completely healed and 
so do not reach the stage of increased resistance. If the findings of this study 
should prove to be applicable to human peptie ulcer disease, they will have im- 
portant implications for therapy. Thus with vigorous and prolonged ulcer 
therapy to insure complete healing, the incidence of apparent or real recurrence 
might be greatly lessened. 

CONCLUSION 

Three-week-old, healed fundie and pyloric excisional uleers do not break 
down and reuleerate when histamine-beeswax is given although uleer formation 
oceurs in the adjacent normal mucosa of the pylorie portion of the stomach and 
duodenum. 
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CONCENTRATION OF FREE VALINE, TRYPTOPHANE, AND 
HISTIDINE OF PLASMA OF YOUNG AND OLD 
INDIVIDUALS, DETERMINED WITH THE 
MICROBIOLOGIC METHOD 


Puitie ACKERMANN, Pu.D., Littt Horstarrer, AND WILLIAM B. Kountz, M.D. 
St. Louis, Mo. 


HE microbiologic methed for determining essential amino acids has been 

used quite frequently for the analyses of protein of various sources* with 
techniques varying as to type of media and bacteria employed.* Published 
data on the free essential amino acids in the blood plasma of normal indi- 
viduals as determined with the microbiologic technique are still scarce. Hier 
and Bergeim' reported the concentrations of ten essential free amino acids 
in the plasma of thirty-three normal young individuals, nine of them being 
women. These authors used Leuconostoc mesenteroides for the determination 
of histidine and Lactobacillus arabinosis for tryptophane and valine. 

The use of more than one type of bacterium requiring also a larger number 
of media becomes inconvenient whenever the optimal determination of 
several amino acids is desired. L. mesenteroides has been suggested as pos- 
sibly suitable for the determination of a larger number of amino acids than 
employed so far, since it was found to require sixteen amino acids for optimal 
growth. Up to the present, however, we have found no publications in which 
L. mesenteroides was used in the determinations for valine and tryptophane, but 
it was employed successfully for histidine.” * 24 others 

We were particularly interested in investigating whether the concentra- 
tions of free essential amino acids of the plasma in man are maintained 
throughout life. Because of the seareity of data on normal subjects in the 
literature and as the use of L. mesenteroides was extended to the determina- 
tion of valine and tryptophane, our results on old individuals were compared 
with those on young subjects established in our laboratory with the same 
techniques. 

METHOD AND MATERIAL 

Our subjects included twenty-seven young and twenty-three old individuals. The 
young subjects were mainly hospital employees who were in good health. The old indi- 
viduals were inmates of the St. Louis City Infirmary Hospital whose ages ranged from 
52 to 88. None of the patients was acutely ill at the time the tests were performed, but 
all had chronic diseases often found associated with old age. Their clinical diagnoses 
included generalized arteriosclerosis, arteriosclerotic heart disease, degenerative arthritis, 
senile psychosis, old cerebral thrombosis, and old bone fractures. 

From each of the subjects in the basal state, 50 ml. of blood were withdrawn, using 


heparin as the anticoagulant. The plasma was separated within one hour and tungstic 
acid filtrates were prepared as described by Hier and Bergeim.5 We used L. mesenteroides 
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for all subjects with the medium D of Dunn and co-workers‘ in the determinations for 
valine, tryptophane, and histidine. In addition, in fourteen of the young individuals 
valine and tryptophane was also determined with L. arabinosis in the medium described by 
Henderson and Snell.¢ 

The amino acids and some salts for the two different media were weighed in sub- 
stance for each determination. Vitamins, purines, and the salts A and B, made up as 
described by Dunn and associates, were added in solution. The procedure was followed in 
essentially the same way as described by Dunn and co-workers‘,7 and Stokes and co- 
workers$ with 1 ml. portions of medium for each sample. However, for greater accuracy, 
the titrations were carried out potentiometrically. Further, after completion of the ineu- 
bation period, the samples were stored in ice to check further growth during the time re- 
quired for titrating. 


RESULTS 


Table I shows the concentration of valine, tryptophane, and _ histidine 
expressed in micrograms per milliliter of plasma in young and normal indi- 
viduals. All the determinations were performed with L. mesenteroides. 


TABLE I, FREE AMINO ACID CONTENT OF PLASMA IN NORMAL YOUNG INDIVIDUALS 
(REPORTED AS MICROGRAMS PER MILLILITER OF PLASMA) 








PATIENT AGE | VALINE | TRYPTOPHANE | HISTIDINE 




















Men 
24 37 34.5 10.8 12.0 
25 22 30.0 13:8 13:2 
26 32 30.0 12.6 15.9 
27 28 30.0 Lao Leet 
28 34 29.4 12.3 14.4 
29 25 27.0 7.8 
30 25 ; 27.6 11.4 
31 a5 315 12.9 
32 36 33.0 10.5 
Average 30.3 PET 14.6 
Standard deviation +2.2 +1.8 
Women 
33 18 34.8 14.7 14.4 
34 38 30.0 15.0 14.1 
35 22 30.6 13.8 13.8 
36 34 28.2 14.4 13.8 
ad ae 19.5 11.4 12:3 
38 21 21.3 10.5 m1 
39 19 23.7 12.3 14.1 
40 28 36.9 11.4 15.0 
41 21 30.0 a i 4 A. (374 
42 19 27.9 8.7 
43 20 22.5 9.3 
44 2 27.0 9.0 
45 21 33.7 13.2 
46 20 26.4 12.3 
47 21 24.9 12.3 
48 2] 28.8 12.9 
49 21 22.8 6.9 
50 2 31.2 12.6 
Average 27.8 11.8 13.9 
Standard deviation +4.6 +2.2 
Total 
Average 29.6 11.8 14.2 
Standard deviation +4.0 +2.1 hs 








236 ACKERMANN, HOFSTATTER, AND KOUNTZ 


TABLE IT. COMPARISON OF THE CONCENTRATION IN THE PLASMA OF FREE VALINE AND 
TRYPTOPHANE DETERMINED WITH L. MESENTEROIDES AND L. ARABINOSIS IN FOURTEEN 
YOUNG INDIVIDUALS (REPORTED IN MICROGRAMS PER MILLILITER OF PLASMA) 








| TRY PTOPHANE 
| “a | =" | lL. 
PATIENT | SEX | AGE |MESENTEROIDES| ARABINOSIS |MESENTEROIDES| ARABINOSIS 














29 M 25 27.0 29.4 ; 8.1 
30 M 25 27.6 27.0 : 12.0 
31 M 25 B10 34.2 2.6 18D 
42 F 19 27.9 30.0 ; 9.3 
32 M 36 33.0 33.9 J 9.6 
38 F 21 21.3 21.9 r 10.8 
43 F 20 22.5 24.6 R 11.4 
44 F 21 27.0 26.4 : 9.0 
45 F 21 fs 36.1 ; 13.8 
46 F 20 26.4 27.6 2.6 11.4 
47 F 21 24.9 26.4 : Ly 
48 F 21 28.8 31.8 2.$ 12.9 
49 F 21 22.8 24.3 Sf 6.9 
50 F 31.2 31.9 2. 13.2 
Mean Sa 27. 28.9 ~ a oR 
Standard deviation +4.0 +2; +2.0 








27. 
+3. 





Parallel studies with L. mesenteroides and L. arabinosis for valine and 
tryptophane showed good agreement, as may be noted in Table II. Small 
differences found in some of the determinations were within the error limit. 
The differences of the means were not significant, although the determina- 
tions with LZ. arabinosis yielded slightly higher values for valine. We found, 
however, better agreement on various levels of the slope in the determinations 
that were earried out with L. mesenteroides than with those with L. arabinosts. 

The coneentrations of free valine, tryptophane, and histidine in old indi- 
viduals determined with L. mesenteroides are recorded in Table IT!. 

TABLE ITT. Free Amino AcipD CONTENT IN ELDERLY PEOPLE 


SY Matas nwvrroritase 


PATIENT SEX AGE (uG/ML. ) (uG/ML. ) (MG/ML. ) 
F 68 32 13.2 18.3 
F 82 22.8 10.8 15.0 
K 52 19.6 12.3 
M 74 25.5 9.9 
M io 23.4 12.6 
M 71 24.9 9.0 
M 74 24.6 12.6 
M 25.2 12.0 
M 24.9 10.2 
M 81 21.3 8.1 
M 88 21.3 9.0 
KF 24.0 10.5 
M 27.9 8.1 
M 23.4 9.6 
M y 22.5 9.9 
M 25.2 7.8 
M 28.5 10.2 
M 18.9 8.4 
M 19.2 5.7 
M 25.2 9.9 
M 21.3 9.9 
M H 24.6 10.5 
F 22.8 13.2 
Average 24.6 10.2 
Standard deviation == | eat 
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DISCUSSION 


The results obtained in young people with L. mesenteroides for valine and 
tryptophane compare well with those obtained in the literature that were ecar- 
ried out with L. arabinosis. They were somewhat higher in the men for valine 
(see Table IV), the mean being 29.6 + 4 y per milliliter while Hier and Bergeim 
reported 28.3 + 3.4 y per milliliter. The concentration of tryptophane averaged 
for the young group 11.8 + 2.1 y per milliliter, compared with the literatures’ 
value of 10.8 + 2.1 y per milliliter. Histidine determined with the same 
bacterium gave a mean identical with that obtained by Hier and Bergeim of 
14.2 + 2.2 y per milliliter. 

TABLE IV. COMPARISON OF RESULTS OF AMINO ACIDS OF OUR LABORATORY WITH THOSE OF 


HIER AND BERGEIM1 (REPORTED AS MICROGRAMS PER MILLILITER OF PLASMA) 























OUR LABORATORY HIER AND BERGEIM 
NUMBER OF STANDARD | NUMBER OF STANDARD | 

AMINO ACID | PATIENTS AVERAGE DEVIATION PATIENTS AVERAGE DEVIATION 
Valine 

Men 9 30.3 +22 24 28.9 mars yf 

Women 18 27.8 +4.6 9 26:7 +3.6 
Total 27 29.6 +4.0 33 28.3 +3.4 
Tryptophane 

Men 9 117 +1.8 24 11.1 +2.3 

Women 18 11.8 +2.2 9 9.8 mal Pl: 
Total 27 11.8 +21 33 10.8 +2.1 
Histidine 

Men 5 14.6 24 14.2 +2.4 

Women 9 13.9 9 14.0 AS 
Total 14 14.2 eS 33 14.2 +1.8 





A comparison of the concentrations of young and old individuals (Table 
V) disclosed no difference for histidine, 14.2 y per milliliter compared with 
14.0 + 2.2°y per milliliter; a not significant difference for tryptophane, 11.8 y 


per milliliter compared with 10.2 y per milliliter; but a definitely lower value 


TABLE V. COMPARISON OF AMINO ACID CONTENT OF PLASMA IN YOUNG AND OLD PEOPLE 
(REPORTED IN MICROGRAMS PER MILLILITER OF PLASMA) 




















NUMBER OF "| NUMBER OF TRYPTO- | NUMBER OF 
PATIENTS VALINE PATIENTS PHANE | PATIENTS | HISTIDINE 

Old people us 24.6 23 10.2 23 14.0 

+3.1 +271 +22 
Young people 27 29.6 27 11.8 14 141 

+4.0 +21 +1.4 
Difference 5.0 1.6 a 
Standard error #10 +6 





for valine. The mean for valine in the young normal subjects was 29.6 + 4 y 
per milliliter, while it comprised in the old individuals only 24.6 + 5.1 y per 
milliliter, the difference being 5 y per milliliter of plasma. The standard erfor 
was ealeulated® and found to be 1.0 y per milliliter. 


SUMMARY 


1. The results obtained with L. mesenteroides in determining tryptophane 
and valine are comparable with those determined with LZ. arabinosvs, 





238 ACKERMANN, HOFSTATTER, AND KOUNTZ 


2. Determinations of free valine and tryptophane of the plasma in twenty- 
Seven normal young individuals yielded means of 29.6 + 4.0 y per milliliter 
and 11.8 + 2.1 y per milliliter respectively. This compares well with findings 
reported previously by other authors. 

3. The concentrations of free tryptophane and histidine in the blood 
plasma of elderly individuals were found not to differ significantly from those 
of young normal subjects, while the concentration of free valine is lower in old 
individuals, at least in those who are afflicted with degenerative diseases. 
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STUDIES ON HUMAN SUBJECTS RECEIVING HIGHLY AGENIZED 
FOOD MATERIALS 


G. W. NEWELL, Pu.D., T. C. Erickson, M.D., W. E. Giuson, M.D., 
S. N. GersHorr, M.S., AND C. A. ELVEHJEM, PH.D. 
MapIson, WIs. 


OR over a quarter of a century nitrogen trichloride (commonly known as 

Agene) has been used by the milling industry as a maturing agent for white 
flour. The apparent superiority of Agene over other agents and the ease with 
which this gaseous component ean be handled have made it the most common 
maturing agent for white flour. 

In December of 1946, Mellanby first reported that running fits could 
be precipitated in dogs when they were fed diets containing flour treated 
with nitrogen trichloride. As far back as 1937, Melnick and Cowgill*® reported 
that the aleohol soluble moiety of wheat protein, gliadin, caused convulsions 
when fed to dogs. Wagner and Elvehjem,* in 1944, reported that wheat 
gluten, the water insoluble portion of wheat protein, produced running fits 
when added to an otherwise complete ration. As little as 10 per cent wheat 
gluten in a purified ration induced these attacks in twenty-five to thirty days, 
while increased amounts of the protein brought on seizures in proportionally 
shorter periods. Further investigation by Newell and co-workers‘ after 
Mellanby’s report, showed that Agene, but none of the other commercial 
maturing and/or bleaching agents, would react with flour or gluten to pro- 
duce the toxic factor which caused fits. In order to induce fits readily in 
dogs, flour was ineluded at 84 per cent of the ration. 

The American diet rarely contains more than 30 per cent of flour. Five 
dogs were placed on rations which contained 30 per cent of flour treated 
with commercial levels of Agene. These animals were fed the rations for 
periods of from ten to twelve months and all remained healthy with no in- 
dieation of running fits. Electroencephalograms were taken on these animals 
after they had been on experiment for seven to nine months and all showed 
normal tracings.> Thus it was apparent that in order to produce any effect in 
dogs it was necessary to feed the commercially treated flour at excessive levels 
or the flour had to be treated with large quantities of Agene. 

The susceptibility of other species of animals has been tested, and while 
none were quite as sensitive as the dog, the convulsive state was readily in- 
duced by feeding highly Agenized flour rations to rabbits, cats, mink, and 


From the Department of Biochemistry, College of Agriculture, and the Departments of 
Surgery (neurosurgery) and Medical Electronics, School of Medicine, University of Wisconsin. 

Published with the approval of the Director of the Wisconsin Agricultural Experiment 
Station. This work was sunported by a grant from the Wallace and Tiernan Company, Inc., 
Newark, N. J. We are indebted to Dr. H. K. Parker and Mr. Meade C. Harris, of the Wallace 
and Tiernan Company, for preparing many of the Agenized food materials. 

We wish to thank Miss Ruth S. Dickie and Miss Ruth Flummerfelt for their help in 
preparing diets for the human subjects; Miss Phyllis Helmer, Miss Hulda Gieschen, and Miss 
Genevive Gulan for their assistance in recording the electroencephalograms. 


Received for publication, Oct. 14, 1948. 
239 





os 


240 NEWELL, ERICKSON, GILSON, GERSHOFF, AND ELVEHJEM 


ferrets. No effect was observed when Agenized rations were fed to rats, 
chicks, or guinea pigs. Monkeys fed highly Agenized flour rations showed 
abnormal electroencephalograms, but no gross changes. Silver and associ- 
ates® also reported abnormal electroencephalograms and stated that monkeys 
fed highly Agenized rations developed asynergy, weakness of the extremities, 
and sluggishness in response to irritating stimuli in comparison with normal 
animals. Radomski and co-workers,’ however, observed no adverse conditions 
when monkeys were fed highly Agenized rations for as long as fifty-four 
days. 

It was reported in 1946° that electroencephalograms taken on dogs fed 
Agenized wheat gluten showed brain wave patterns similar to those seen in 
eases of idiopathic epilepsy in man. Since the convulsions and _ electro- 
encephalographie patterns of these dogs showed a close analogy to human 
epilepsy the question arose whether Agenized wheat products play any part 
in the incidence of human epilepsy. The publication of Mellanby’s article 
at this time added emphasis to the problem. Articles have appeared in the 
lay press implying that Agene treated flour is an important cause of human 
epilepsy even though no direct evidence has been published to support such 
statements. 

In an effort to answer this question, children and adults have been fed 
diets which contain normal and excessive amounts of Agenized food products. 


METHODS AND RESULTS 


The children, 5 to 16 years of age, were hospital patients; the adults were 
students at the University. Some subjects had no previous history of epilepsy, 
while five patients had had seizures from time to time. After a physical 
examination by a member of the medical staff each patient was placed on a 
normal diet for a week or more, during which time several control eleectro- 
encephalograms (EEG) were taken. After the characteristic eleetroencephalo- 
gram of each patient had been determined, supplements of white flour, whole 
wheat flour, wheat gluten and casein treated with Agene (3 to 225 grams per 
hundredweight) were incorporated into each meal fed the patients. The foods 
treated with high levels of Agene were ineluded in such items as cereal, choco- 
late milk, muffins, bread, gravy, and meat patties. Although the patients 
knew an experimental diet was under test, they did not know what was being 
used or what effect the diet might have upon them. Electroeneephalograms 
were taken every three to four days while the Agenized diet was fed. Some 
of the subjects were continued on the diet for periods as long as 210 days. 
The children were offered 100 to 150 Gin. of Agenized food products per day, 
but the consumption was not constant due to the unpalatability of the food 
supplements. On the whole, the children consumed 65 to 75 per eent of the 
Agenized foods offered. The adults were fed Agenized foods on the basis of 
their protein content and, in general, attempts were made to inelude sufficient 
quantities of the treated materials to supply 100 Gm. per day. Sinee palata- 


bility had been inereased as a result of previous tests in feeding the ehil- 
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dren, and because adults were easier to work with, all the Agenized foods 
offered were consumed by these subjects except two patients (that is, C. M. 
and M. B.) who developed nausea. 






In Table I are summarized the Agenized food supplements offered to the 
children. Consumption in terms of Agenized protein ranged from 40 to 114 
Gm. per day depending upon the acceptance of the foodstuffs by the patients. 
The flour was treated with 3 Gm. of Agene per hundred pounds, which is two 
times the amount of Agene used to treat flour commercially. The gluten was 
made from flour treated with 4 Gm. of Agene per hundred pounds (which is 
equivalent to 40 Gm. of Agene per hundred pounds of gluten). Thus the 
children received daily twenty-three to thirty times as much active material 
as might be present in a normal diet. 











TABLE I. AGENIZED Foop SUPPLEMENTS TO CHILDREN’S NORMAL DIET OF 1,500-1,800 
CALORIES PER DAY 













GLUTEN CEREAL GLUTEN MEAT PATTIES 













100 Gm. cooked cereal 75 Gm. raw ground meat 
25 Gm. gluten (40 Gm. 25 Gm. gluten (40 Gm. 
Agene per ewt.) Agene per ewt.) 






25 Gm. hot water Milk to moisten 








GLUTEN MUFFINS (Makes 12 muffins) 
Yeast cake ; 
Cup milk tilt 
Teaspoon salt i 
Teaspoons butter ‘ 
Cup bread flour (3 Gm. Agene/ewt. ) fa 
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180 Gm. gluten (40 Gm. Agene/ewt.) 

1 Slightly beaten egg white 
1 Helping cereal: 25 Gm. Gluten: 21 Gm. protein 
i 1 Meat patty: 25 Gm. gluten: 21 Gm. protein 
1 Muffin: 15 Gm. gluten: 12.5 Gm. protein { 
| 15 Gm. fiour: 1.9 Gm. protein 
t Each child fed: 1 Helping cereal 
i 1 Meat patty 
: 3-5 Muffins 


each day as a supplement to normal diet (85-114 Gm. Agenized protein) 









Table IL presents a summary of the Agenized protein supplements con- 
sumed by the adults while on the experimental diet. All subjects ate about 
100 Gm. of highly Agenized protein (that is, treated with 20 to 225 Gm. 







Agene per hundredweight) per day. The Agene treatment of the material al 
fed to human subjects of the present experiment was twenty-two times more i 





than that of the normal diet. A total of nineteen patients have been tested 
thus far and the results are presented in Table IIT. 

In addition, two of the adults (R. G. H. and A. E. S.) were subjected to 
more intensive examinations after they had been on the Agene diet for a 
period of seven months. The gastrointestinal x-ray study was completely 
negative. Erythrocytes, leucocytes, and differential blood counts as well as 









urinalysis, blood sugar, nonprotein nitrogen, and serum protein values were 
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TABLE II. AGENIZED PROTEIN SUPPLEMENTS TO ADULTS’ NoRMAL DIET oF 2,500-3,000 
CALORIES PER DAY 








GLUTEN CEREAL , CHOCOLATE MILK 


100 Gm. cooked cereal 1 Glass milk 
15 Gm. gluten (225 Gm. Agene 1 Tablespoon chocolate syrup 
per cwt.) 
25 Gm. hot water 25 Gm. casein (20 Gm. 
Agene/ewt. ) 


GLUTEN MUFFINS (Makes 12 muffins) 


Yeast cake 

Cup milk 

Teaspoon salt 

Teaspoons butter 

Cup bread flour (20 Gm. Agene/ewt.) 
Gm. gluten (225 Gm. Agene/ewt.) 
Slightly beaten egg white 


1 Helping ceral: 5 Gm. gluten: 12.5 Gm. protein 
1 Muffin: 5 Gm. gluten: 12.5 Gm. protein 

5 Gm. flour: .9 Gm. protein 
1 Glass choc. milk: 25 Gm. casein: : . protein 


Each adult patient regularly consumed: 
1 Helping cereal 
1 Muffin 


3 Glasses chocolate milk 


each day as a supplement to normal diet (98 Gm. Agenized protein) 





within normal limits. These subjects had noted no untoward symptoms while 
on the diet. One subject gained almost thirty pounds and the other ten 
pounds in weight during the experimental period. 


DISCUSSION OF RESULTS . 


Previous experiments have shown that the greater the amount of Agene 
treated material in the ration or the more heavily it is treated the more rapid 
is the onset of the gross and electroencephalographic abnormalities in dogs, 
Newell and co-workers.* One would expect the same to be true in man if he 
were susceptible to a possible toxie factor in the Agenized material. 


Flour bought on the market is usually treated with 1.25 to 2.5 Gm. of 
Agene per hundredweight. Not only were the experimental diet supplementa- 
tions more heavily treated with Agene, but also as much as 100 Gm. of highly 
Agenized protein (225 Gm. Agene per hundredweight) were consumed in ad- 
dition to the normal diet which contained wheat products treated with com- 
mercial levels of Agene. We suggest from these facts that, by analogy with 
the rations used to produce canine epilepsy, the diets used in these human 
observations should be an adequate test of the susceptibility of man to a 
similar toxie factor in Agenized material. 

None of the nineteen patients (Table III) who consumed this highly 
Agenized diet showed any clinical or electroencephalographiec evidence of the 
development of epilepsy. Nor did the five epileptic patients show any 
demonstrable inctease in the number of epileptic seizures or any significant 
increase in the abnormality present in their electroencephalograms. 
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CLINICAL HISTORIES AND RESULTS OF FEEDING HIGHLY AGENIZED DIETS TO HUMAN 
SUBJECTS 











AGE 
NAME SEX |(YR.) | DIAGNOSIS CONTROL EEG 
L. A. A. M 19 Normal 5-6/see. and 
8-12/see. waves 
M.R.A. F 22 Grand mal, petit mal Variable; normal, 
epilepsy F, 5-6/sec. 
wayes 
JM ss M 18 Allergic dermatitis Normal 
8-12/see. waves 
M. B. F 24 Idiopathic epilepsy, Normal 
dermatitis 8-12/see. waves 
M.E.B. M_ 19 Hypertrophied tonsils Normal 
8-12/see. waves 
J Wo. M 9 Fracture of right hip Normal for age 
DiG. M 7 Perthes’ disease Normal for age 
W.A.G. M 19 Myopia, acne, grand Normal 
mal 8-12/see. waves 
epilepsy 
KE. H. F 8 Bronchiectasis, men- Normal for age 
tal deficiency 
R.G.H. M 17 Myopia Normal 
8-12/see. waves 
f Fel be M 21 Impetigo : Normal 
8-12/see. waves 
V.M.M. F 10 Congenital dislocation Normal for age 
of hip, acute 
cystitis 
E. R. R. M 4 Epilepsy due to focal Normal for age 
cerebral cicatrix 
W.FLR. M 11 Epilepsy, grand mal,  1.5-3/see. waves 
porencephaly, men- and spikes 
tal retardation 
GSS F 20 No disease Normal 
8-12/see. waves 
Mort. M 23 No disease Variab'e: 8-12 
and 8.5-8/see. 
waves 
SG. tL. F 10 Mental deficiency Variable 3-6/see. 
waves 
A. E.S. M 20 No disease Normal, 8-12/see. 
waves 
C.M.M. M 22 No disease . Normal, 8-12/see. 
waves 


| TIME ON 


DIET 
(DAYS) 
60° 





59 


12 


19 


210 


OF 
25 


RESULT 








No change 


No convulsions, 
‘¢Much better’’; 
gained wt.; EEG 
variable; between 
normal, F, spike 
and wave 


No change 
Nausea, no change 
No 


change 


No 
No 
No 


change 
change 


change 


No change 


change 
change 


change 


convulsions 


change 


change 


EEG varied inde- 
pendently of diet 


EEG still variable; 
no marked change 
No change in EEG 
or clinical con- 
dition except gain 
in weight 
No change, lost 
weight 








moa 
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Susceptibility to the development of epilepsy from the possible toxic 
‘effect of the Agenized material would be expected to vary. One patient 

(M. F. T.) (Table IIT) who was elinically normal, having no history of 
epileptiform seizures, had periodic bursts of slow waves suggesting that he 
had the genetic or constitutional background for the development of seizures. 
Since he seemed to be an ideal subject for testing the effect of the diet, he 
was kept under observation for nine months and was placed on the Agene diet 
for two separate periods. There was no consistent relationship between his 
abnormal electroencephalogram and the time on the diet. At no time did he 
develop any suggestion of epileptic seizures though from the appearance of his 
electroencephalogram one would have expected him to be especially sus- 
ceptible. The lack of effect of the Agene diet on the normal individuals, those 
with unrelated illness, and those with epilepsy in the present experiments 
does not eliminate the possibility that there may be some patients with an 
idiosynerasy or an allergy to the Agenized products. Perhaps patients with 
a known allergy for wheat products should be investigated further in this 
manner as should those with subclinical epilepsy. 

The question arises whether changes would be observed if the Agene diet 
were continued over a longer period of time. By comparison with dogs in 
which the characteristic electroencephalographiec abnormality and convulsions 
appear within three or four days it is evident from Table III that the duration 
of the trial has been adequate. It has been intimated that a lifetime consump- 
tion of bread made from flour treated with Agene may cause disturbance of 
the nervous system and might induce such things as duodenal uleers. (Silver 
and co-workers.°) It might be difficult to disprove such a theory as far as 
the other diseases mentioned by these authors are concerned, but it is well 
known that epilepsy has been common:since the dawn of history (Temkin’®). 
There is no evidence of an increase in the incidence of epilepsy in the past 
quarter of a century during which the use of Agenized flour has become wide- 
spread. As noted previously, in our patients (A. E. 8S. and R. G. H.) there 
were no clinical symptoms of gastric or duodenal ulcers, and the gastroin- 
testinal x-ray examinations were negative after the patients had been on the 
diet for seven months. 

The negative results of this study in human beings confirms the species 
specificity of the toxie effects of Agenized protein indicated by Newell and 
associates,‘ that is, positive results were obtained in dogs, cats, and rabbits, 
and no effect was observed in rats, chicks, or guinea pigs. The effect on 
monkeys was rather doubtful. This variation in the response of the different 
species suggests a difference in the metabolism of the material in these dif- 
ferent animals. Possibly there is preferential absorption or a detoxification 
mechanism present in man and the other nonsusceptible animals which is not 
present in the dog. Analogous metabolic differences are well known. 


SUMMARY 


Nineteen patients, including five with epilepsy, have been fed a diet con- 
taining twenty-two to thirty times the amount of Agenized material contained 
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in a normal diet. Physical, neurological, and electroencephalographie exam- 
inations have failed to disclose any abnormal changes as the result of such a 
diet and none of the patients has developed epileptic seizures as a result of 
this diet. The results are discussed in relation to previous studies which have 
shown that Agenized protein produces an epileptic condition (running fits) in 
dogs and other animals. It is suggested that this species difference in re- 
sponse to Agenized material represents a species difference in absorption or 
detoxifying mechanisms. 
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A COMPARISON OF THE BROMSULFALEIN AND ROSE 
BENGAL TESTS 


LEE Monrokr, M.D., AND JAMES Hopper, JR., M.D. 
SAN FRANCISCO, CALIF. 


YE excretion tests have been used for over twenty-five years as an index 

of liver funetion. Today the bromsulfalein test as introduced by Rosen- 
thal and White! and modified by Mateer and co-workers* and the rose bengal 
test as done by Althausen, Biskind, and Kerr* are the most widely used to 
measure hepatic reticulo-endothelial activity. The bromsulfalein* test has 
been subjected to numerous modifications, but it is generally accepted that 
the administration of 5 mg. per kilogram intravenously as first suggested by 
Macdonald* has increased the sensitivity of the test. Conservative normal 
values for forty-five and sixty minute specimens are 5 and 2 per cent re- 
spectively and are in accord with the work of Mateer, who designates 4 per 
cent as the upper normal for the retention at forty-five minutes. We have ac- 
cepted a slightly higher value for our forty-five minute specimen so as to 
eliminate all possibility of false positive results. We have found that when 
a curve is prepared on semilogarithmic paper from accurately timed specimens 
taken from normal patients, the resulting graph closely approximates a 
straight line until very low values are reached (below 1 per cent). Several 
such curves are shown in Fig. 1. It ean be noted that the oceasional line 
which reaches 1 per cent at the end of an hour will pass close to 4 per cent in 
forty-five minutes. For this reason, a slightly higher normal value is used 
for the forty-five minute sample and a confirmatory sample is drawn at sixty 
minutes. 

The rose bengal test is performed by the intravenous administration of 
10 «.e. of a 1 per cent solution of diiodotetrachlorfluorescein. A two minute 
sample is withdrawn and represents the 100 per cent concentration. An 
eight and sixteen minute sample are taken and the amount of the dye re- 
tained is determined by the hand spectrograph. Althausen and co-workers 
give 55 and 35 per cent respectively as the upper limits of normal for the two 
samples. 

The rose bengal test was developed in an era when the 2 mg. test of 
Rosenthal and White was in vogue and was considered to be of comparable 
sensitivity and perhaps of greater specificity. The series here presented was 
done in an effort to determine whether the rose bengal test is as sensitive as 


the 5 me. test of Mateer and associates. 


Aided in part by funds from the Christine Breon Donation. 

From the Division of Medicine, University of California Medical School. 

Received for publication, Oct. 8, 1948. 
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Kig. 1.—Bromsulfalein disappearance in normal subjects. 


METHODS 
The bromsulfalein concentrations were determined by the use of the Evelyn photo- 
electric colorimeter after the method described by Bradley.6 The rose bengal determina- 
tions were done after the method of Althausen and associates’ using the hand spectrograph. 
The patients used in this series were all suspected of having liver dysfunction and many had 
clinical evidence of hepatic impairment. 


RESULTS 


The results of this study are found in tabular form in Table I, 
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TABLE I 








| BROMSULFALEIN ROSE BENGAL 
DIAGNOSIS 45 MIN. | 60 MIN.| 8 MIN. | 16 MIN. INTERVAL 
Portal cirrhosis 14 11 78 50 5 wk. 
Portal cirrhosis 7 5 49 20 2 wk. 
Portal cirrhosis 11 6 4] 19 6 wk. 
Portal cirrhosis 17 15 41 20 2 days 
Probable fatty liver 5 50 20 1 wk. 
Probable fatty liver 6 54 2 5 wk. 
Post-hepatitis : 2 42 22 23 wk. 
Portal cirrhosis 31 60 36 1 wk. 
Syphilis; hepatomegaly 8 60 38 3 days 
Portal cirrhosis 6 46 23 4 wk. 
Portal cirrhosis 2 35 54 35 10 days 
Portal cirrhosis 21 77 dl 2 wk. 
Probable hemochromatosis 26 74 64 days 
Post-hepatitis d 40 22 23 wk. 
Hemochromatosis 1 53 24 wk. 
Toxic cirrhosis 5 37 21 wk. 
Portal cirrhosis 25 69 56 wk. 
Hepatoma; autopsy 57 36 days 
Probable portal cirrhosis 24 45 23 days 
Diabetes 2 42 21 days 
Leucemia 2 49 29 days 
22 Hepatomegaly 1 52 38 24 wk. 
23* Probable portal cirrhosis 5 54 2% 6 wk. 
24 Hepatomegaly il 43 20 7 wk. 








as 
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*Denotes patients with positive BSP and negative rose bengal tests. 


DISCUSSION 


Of the twenty-four patients suspected of having liver dysfunction, ten 
(41.7 per cent) had positive BSP tests and negative rose bengal determina- 
tions. One patient (No. 22) had a positive value for the sixteen minute sample 
of rose bengal—the eight minute sample and the BSP test were normal. There 


were several patients, e.g., Nos. 18 and 8, who showed a strongly positive 
SP and borderline positive rose bengal values. 

Technically the BSP is the simpler of the two tests. The readings as ob- 
tained on the Evelyn photoelectric colorimeter have little element of individual 
error and are not significantly influenced by hemolysis. Bromsulfalein has 
several disadvantages. It is expensive. Moreover, unlike rose bengal, it is not 
eliminated entirely by the liver and spillage occurs via the kidney when high 
blood levels are encountered, thereby tending to falsify the test in favor of 
better than actual funetion in cases with severe pathologie retention. When 
BSP is extravasated, it can cause a severe chemical cellulitis with the appearance 
of brawny swelling and violaceous coloration. 

Rose bengal is relatively cheap and has the advantage of specificity, but 
also has some disadvantages. The patients must be warned to stay out of 
direct sunlight after the test because photosensitivity is apt to oceur. In 
addition, cells hemolyze in vitro in the presence of rose bengal when they are 
exposed to direct sunlight. The appearance of red stools after the test, al- 
though frightening to the patient, cannot be deemed a disadvantage. The 
visual spectrographie matching of the absorption bands in the determination 
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of rose bengal is sometimes difficult, particularly when bands of hemoglobin 
are present in sufficient strength to interfere. The last most important diffi- 
culty might, perhaps, be eliminated by analysis with a spectrophotometer. 

This series can be criticized because of the fact that liver function might 
have changed during the period which elapsed during the performance of 
the tests. However, a large discrepancy favoring the BSP test existed when the 
performance of the two tests was only a few days apart. Further, this tendency 
was not influenced by doing one test or the other first, the series being about 
equally divided in this respect. The lack of correlation between the two tests and 
the consistency with which the BSP was positive in the presence of a negative 
rose bengal is a strong indication that the BSP is a more sensitive procedure. 
However, the sensitivity of a test doés not necessarily reflect its utility and 
further work may elarify the relative value of these procedures. 


SUMMARY 


A series of twenty-four patients with suspected liver disease is presented 
in which the bromsulfalein and rose bengal tests are compared. Forty-one 
and seven-tenths per cent of the patients with normal rose bengal tests had 
positive BSP determinations. The 5 mg. BSP test appears to be more sensitive 
than the rose bengal test as determined by the visual spectrograph. 


REFERENCES 


. Rosenthal, S. M., and White, E. C.: Clinical Application of the Bromsulphalein Test 
for Hepatic Function, J. A. M. A. 84: 1112-1114, 1925. 

. Mateer, J. G., Baltz, J. I., Steele, H. H., Brouwer, 8S. W., and Colvert, J. R.: Chronic 
and Subclinical Impairment of the Liver, J. A. M. A. 183: 909-916, 1947. 

. Althausen, T. L., Biskind, G. R., and Kerr, W. J.: The Rose Bengal Test of Hepatic 
Function, J. Las. & CLin. MEp. 18: 954, 1933. 

. Macdonald, D.: A Practical and Clinical Test for Liver Reserve, Surg., Gynec. & Obst. 
69: 70-82, 1939. 

. Bradley, 8. E., Ingelfinger, E. J., Bradley, G. P., and Curry, J. J.: Estimation of 
Hepatic Blood Flow in Man With Sulfobromsulfalein, J. Clin. Investigation 24: 
890-897, 1945. 





OBSERVATIONS ON THE HISTAMINE CONTENT OF THE 
CEREBROSPINAL FLUID IN MAN 


Ira J. Jackson, M.D., M.Sc., anp Bram Rose, M.D., Px.D. 
MONTREAL, CANADA 


IS generally agreed by most workers that 80 to 90 per cent of the blood 
histamine content is held within the white cell elements,’ ? but there is 
considerable controversy as to which of the white cells carries this bound or 
intracellular histamine. Some believe that the polymorphonuclear eosinophile 


is responsible,’ whereas others consider that the platelets are mainly involved.‘ 


Since cerebrospinal fluid may contain polymorphonuclear or lymphocytic 
cells as a result of meningeal irritation, it was thought that a study of the 
histamine content of such cerebrospinal fluid, as well as that of normal 
samples, might provide some evidence as to which type of cell is responsible 
for carrying histamine. 

METHODS 


Cerebrospinal fluid collected by lumbar puncture in the case of normal subjects, or 
directly from the ventricle as well as by tap in the neurosurgical patients, was extracted for 
histamine by the method described by Code for blood.» Five eubie centimeter samples of the 
C.S.F. were used. The extracts were assayed on the isolated, atropinized guinea pig ileum 
preparation suspended in Tyrode solution at 38° C. All results are expressed as histamine 


base in gamma per 100 cubic centimeters. 


SUBJECTS 


The two groups of patients studied were from the neurological and neurosurgical services 
of the Royal Victoria Hospital and the Montreal Neurological Institute. The first group, 
comprising nineteen patients who presented no signs of meningeal irritation, served as controls. 
In all, routine examination of the C.S.F. showed a cell count of 0 to 5 per ¢.mm., total protein 
of 20 to 45 mg. per cent, negative Wassermann, and the findings were considered normal. 

The second group was made up of fifteen patients in whom abnormal C.S.F. findings were 
observed and on which twenty-one histamine determinations were made. In twelve of these 
patients, the C.S.F. fluid was obtained during the postoperative period. Six patients had the 
postoperative course complicated by an acute aseptic recurrent meningitis, a condition which 
follows intracranial surgery and was deseribed by Finlayson and Penfield in 1941.6 They ob- 
served that after the removal of a cerebral neoplasm or atrophic epileptogenic lesion, a blood 
clot is left behind which undergoes degeneration and liquefaction in the operative cavity. 
The breakdown products of the blood clot accumulate and are discharged into the subarachnoid 
space. Here they irritate its lining, resulting in an outpouring of leucocytes. This syndrome is 
characterized by repeated bouts of meningeal irritation which are associated with an inerease 
in the number of leucocytes and protein values in a sterile spinal fluid. Patients 26 and 27 
(see Table 11) had their postoperative course complicated by a bacterial meningitis (Bacillus 
coli and hemolytie streptococci). A glioma of the third ventricle and a cerebellar eystie astro 
cytoma respectively were removed. The spinal fluid in three patients (26, 27, and 28) was 
Withdrawn during the early postoperative period at which time the fluid showed a mild aseptic 


reaction as evidenced by an increase in the leucocyte count and protein value. This is a fairly 
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common finding postoperatively and is usually of no consequence. The four nonoperated 
patients (31, 32, 33, and 34) presented abnormal C.S.F. values resulting from their underlying 
intracranial pathology as shown in Table IT. 














TABLE I 
CEREBROSPINAL FLUID* 
| TOTAL 
PROTEIN HISTAMINE 
PATIENT | SEX DIAGNOSIS APPEARANCE (MG. %) |(¥/100 c.c.) 

i OW M _ Headache of undeter- Clear and colorless 28 0.5 

mined origin 
2t L.C. F Craniocerebral injury, Clear and colorless 44 0.8 

subdural hematoma 
3 V.D. M_ Epilepsy, focal Clear and colorless 32 0.8 
aq Wi. M_ Subdural hematoma Clear and colorless 25 0.8 
5 i. L. M_~ Anxiety neurosis * Clear and colorless 38 1.5 
6 iB: M Mental defective Clear and colorless 34 0.8 
iG ile © al bee F Meningeal fibroblastoma Clear yellow 29 0.7 
8 &K.E. M Epilepsy Clear and colorless 22 1.5 
9 t. KX. M_ Epilepsy Clear and colorless 34 0.4 
10° EB: M_ Epilepsy, focal Clear and colorless 35 0.8 
lt 3 6M:S. F Epilepsy Clear and colorless 31 0.8 
12 6B. DD. EF Astrocytoma diffusum Clear and colorless 16 0.2 
13 %.O’D. M ~ Trigeminal neuralgia Clear and colorless 25 3.0 
i PoP: M_ Craniocerebral injury, Clear and colorless 40 0.8 

fractured skull 
to) OP. M Cerebral atrophy Clear and colorless 16 0.9 
16 84 =2W.L. M_ Epilepsy, focal Clear and colorless 28 0.6 
Me DD. M Normal Clear and colorless - 0.7 
18 iy M_ Normal Clear and colorless - 0.9 
WF Wail; M Normal Clear and colorless ~ 0.8 


Average 0.97 





*The cell count in the spinal fluid ranged from 0 to 5 lymphocytes per cubic millimeter. 
*The spinal fluid was taken during this patient’s postoperative period. 


RESULTS 

The values obtained in the group of control cases are shown in Table I. 
It will be seen that the average histamine content of the C.S.I. is 0.97 y per 
100 ¢.¢., with variations of 0.2 to 3.0 y per 100 cubic centimeters. The highest 
value, 3.0 y per 100 ¢.¢., was found in the C.S.F. of a patient with trigeminal 
neuralgia. It will be noted that all the C.S.F. specimens from this group were 
clear and colorless, with the exception of that from Patient 7. 

In the second group of eases, twenty-one samples of C.S.I°. were ob- 
tained for analysis. The results are shown in Table II. These samples varied 
in appearance from colorless to xanthochromiec, and from clear to turbid. The 
total protein was increased in all specimens, the highest value being.854 mg. 
per cent (Patient 20). Each sample, moreover, had an increase in cell count, 
with the exception of that from Patient 34, in which only the protein value 
was slightly elevated. The number of cells ranged from 0 to 11,000 per eubie 
millimeter. These were either wholly lymphoeytie or polymorphonuclear, or 
oceasionally both. In a few specimens red blood cells were found. It will 
be observed that the average histamine content of the C.S.F°. in this group of 
patients was 1.43 y per 100 ¢.c. as compared with 0.97 y per 100 ¢.c. for the 


controls. 
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TABLE II 








| CEREBROSPINAL FLUID FINDINGS 
| HIS- 
| 





TOTAL CELLS | TAMINE 
PA- PROTEIN | NO./ (¥/ 
TIENT | SEX DIAGNOSIS APPEARANCE | (MG. %) | C.MM. TYPE | 100Cc.c.) 


20 B.P. M_ Removal of cere- Clear, color- 94 100 L 
bral cicatrix less 
Clear, yellow 854 83 L 
21 W.B. M_ Removal of cere- Xanthochro- 105 2,000 P 
bral cieatrix mic turbid 
Clear, color- 136 260 L 
less 
Clear, color- 1,500 
less 
Removal of cere- Xanthrochro- 275 200 
bellar medullo- mic 
blastoma 
Removal of malig. Xanthochro- 640 
glioma mic 
Xanthochro- 1,015 
mic 
Clear, color- 40 L 
less 
Removal of cere- Cloudy, yel- 2,100 ng 
bral cieatrix low 








2,800 R.B.C. 
Removal of fron- Bloody 335 22,500 R.B.C. 
tal lobe cicatrix 


600 P 
Removal of tumor Orange 2,000 50% P 


of third ventricle 
50% L, 
Removal of cystic Yellow 8,000 P 
astrocytoma 
11,000 =P 
Removal of fron- Pale yellow 1,000 P 
tal lobe cieatrix 
6,250 R.B.C. 
Removal of glio- Orange ¢ 610 60% P 
ma 
40% L 
Glioblastoma mul- Amber, clear 46 50 L 
tiforme postop- 
erative 
4,000 R.B.C. 
Carcinoma cere- Yellow, clear 3h 40 L 
bral metastases 
Tumor of VIII Clear and 
nerve neuro- light yellow 
fibromatosis 
ITypertensive vas- Clear and 
cular disease xantho- 
with subarach- chromic 
noid hemor- 
rhage 
Arteriosclerosis Clear and 
with thrombosis colorless 
of the arteries 
in the left fron- 
totemporal re- 
gion 


Average 1.43 
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The average histamine content of the C.S.F. from the group with aseptic 
recurrent meningitis was 1.64 y per 100 ¢.c., while the three specimens from 
the patients with bacterial meningitis averaged 1.87 y per 100 cubic centi- 
meters. An average histamine content of 0.97 y per 100 ¢.c. of C.S.F. was 
found in the group with early postoperative reactions, whereas only 0.87 y 
per 100 ¢.c. was found in the C.S.F. of the patients who had not been operated 
on. The variations in these four subgroups correspond in general to the nun- 
ber of leucocytes present in the C.S.F. and do not appear to be related to the 
amount of spinal fluid protein, or the underlying pathology. 
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CEREBROSPINAL FLUID | CEREBROSPINAL FLUID 
PER C.C. TYPE | (v/100 c.c.) 

11,000 Polymorphs 3.0 
8,000 Polymorphs 1.6 
6,000 Polymorphs 2.0 
2,100 Polymorphs 2.2 
2,000 Polymorphs 3.0 
1,500 Polymorphs 0.8 
1,015 Polymorphs 1.8 
1,000 Polymorphs 1.3 
640 Polymorphs 0.5 
260 Lymphocytes 1.0 
200 Lymphocytes 2.0 
120 Lymphocytes 2.0 
83 Lymphocytes 0.8 

40 Lymphocytes 2.0 

















In Table III the histamine values are arranged according to the deseend- 
ing order of cell counts. It will be observed that there is some correlation 
between the number of polymorphonuclear cells and the histamine content 
of the C.S.F., but that this is far from constant. There seems to be little 
relationship between the histamine content and the lymphocyte count of the 
C.S.F. although the histamine values ie elevated. 








DISCUSSION 









Blood plasma contains on the average 0.5 y histamine per 100 ¢.e.,* and it 
will be noted that this value is not dissimilar to that obtained for normal 
C.S.F. While the number of determinations in each group is small, it seems 
clear that an increase in the cell count of C.S.F. is accompanied by an increase 
in its histamine content. From the results obtained, however, there does not 
appear to be much difference as to whether these cells are lymphocytes or 
polymorphonuclear in type. Studies on the histamine content of the blood 
of man have shown that for the most part highest values are found when 
immature myelogenous cells prevail such as in the myelogenous leucemias.” * 
We have been unable to show that the eosinophile is per se the white cell 
responsible for carrying the blood histamine® since marked variations in the 
pereentage of the eosinophiles in the blood of the same patient taken at dif- 
ferent time intervals was not paralleled by similar changes in the blood his- 
tamine content. 
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It would appear that the elevated C.S.F. histamine values observed in 
recurrent aseptic meningitis are not characteristic of this particular syndrome, 
but are merely a result of the white blood cells present in the spinal fluid, 
as evidenced by values obtained in other meningeal abnormalities. It is 
difficult to interpret the value of 3.0 y per 100 ¢.c. which was found in Patient 
13 (Table I), since the cell count and protein values were within normal limits. 


SUMMARY 


1. The histamine content of the C.S.I*. was studied in a group of nineteen 
patients whose spinal fluid was normal and in a group of fifteen patients 


whose C.S.F°. was abnormal. 

2. The average histamine content of normal C.S.I°. was found to be 0.97 y 
per 100°c.c. with variations of from 0.2 to 3.0 y per 100 cubic centimeters. Ab- 
normal C.S.F. was found to have an average histamine content of 1.43 y per 
100 ¢.¢. with variations of from 0.5 to 3.0 y per 100 cubie centimeters. 

53. Some correlation between the number of cells present and the _his- 
tamine content of C.S.F. could be demonstrated. This was more marked for 
polymorphonuclears than for lymphocytes. 

4. The underlying intracranial abnormality and increased C.S8.F. protein 
values did not appear to influence directly the histamine content of the spinal 
fluid. 


We wish to thank Mrs. k. V. Harkness for carrying out the histamine assays. 
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METABOLISM OF URIC ACID, GLUTATHIONE AND NITROGEN, AND 
EXCRETION OF “‘11-OXYSTEROIDS” AND 17-KETOSTEROIDS 
DURING INDUCTION OF DIABETES IN MAN WITH 
PITUITARY ADRENOCORTICOTROPIC 
HORMONE 


JEROME W. Conn, M.D., LAWRENCE H. Louts, Sc.D., AND 
MARGARET W. JOHNSTON, PH.D. 
ANN ARBor, MICH. 


WITH THE TECHNICAL ASSISTANCE OF BETty JOHNSON, B.S., JANE BuLoop, B.S., 
: AND ELIZABETH PINKHAM, B.S. 


N A PREVIOUS communication! it was reported that a typically diabetic 

state ean be produced in man by the intramuscular administration of a 
purified preparation of adrenocorticotropie hormone (A C T II). It was ob- 
served that loss of carbohydrate tolerance was not related to inereased glyconeo- 
genesis from protein. Severe negative nitrogen balance may accompany loss 
of carbohydrate tolerance induced by A C T I but the existence of one is not 
dependent upon the presence of the other. 

It was reported further that a remarkably close correlation exists between 
loss of carbohydrate tolerance and the increased urinary excretion of urie acid 
which accompanies continued administration of A C T H. It was suggested on 
the basis of a few determinations of blood glutathione done on one subject, that 
heightened intracellular production of urie acid and its intermediaries pro- 
duced by A C T H, together with a fall of the levels of glutathione and perhaps 
of other sulfhydryl-bearing substances, may impair functional activity of the 
beta cells of the islets of Langerhans. 

The present report deals with experiments designed to explore further the 
relationship between loss of tolerance for carbohydrate, increased production 
of urie aeid and ehanges in the levels of blood glutathione. Two normal men 
and a patient suffering from gout were used as the subjects of these studies. 
The procedure and chemical methods employed were the same as those de- 
seribed previously! with the exception that all determinations for urinary 
urie acid* were performed according to the method of Buchanan, Block, and 
Christman.’ Urinary ‘‘eortin’’ was determined by the method of Daughaday, 
Jaffe, and Williams." 

The A C T Ht used in this study was preparedt by a modification of the 
method of Sayers and eco-workers.*? The laboratory has supplied us with the 
properties of these materials (Table 1). Because the diabetogenic potency of 

From the Department of Internal Medicine, University of Michigan Medical School. 
Madan Pe 

Received for publication, Oct. 19, 1948. 

*We wish to thank Dr. W. D. Robinson, Director of the Arthritis Research Unit, Univer- 
ty Hospital, for these determinations. 


+We are indebted to Dr. J. R. Mote, The Armour Laboratories, Chicago, IIl., for the 
purified adrenocorticotropic hormone used in these studies. 


tIn the Armour Laboratories. 
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TABLE I. PROPERTIES OF THE A C T H PREPARATIONS EMPLOYED 








OXYTOCIC 
ACTH PRESSOR | ACTIVITY— | PROLACTIN GONADO- 
ACTIVITY | ACTIVITY— | GUINEA PIG | ACTIVITY— TROPIC 
(PER CENT ROOSTER UTERINE PIGEON ACTIVITY — 
OF ARMOUR BSP STRIP CORP. SAC COLLIP 
LOT STANDARD* ) |(UNITS/MG.) |(UNITS/MG. ) |(UNITS/MG.) | (UNITS/MG. ) SOLUBILITY 
37-K G 34.8 + 2 0.066 0.017 0.5 2.0 Soluble in saline 
G-59703 15.8 0.0045 0.0036 1.0 1.5 Soluble in saline 
*The biologic activity of Armour A C T H Standard (LA-1-A) is such that a single intra- 


venous injection of 0.004 mg. produces consistently a 20 to 30 per cent decrease in adrenal- 
ascorbic acid content of the hypophysectomized rat. 
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Fig. 1—A C T H during the first six days was from Lot 387-K G. During the last two days 
Lot G-59703 was employed. 


Lot G-59705 was found to be considerably less than that observed for Lot 
37-K G (although equal potency for the two preparations was observed for 
other metabolic responses), material from each lot was administered in econ- 
secutive periods to each of the three subjects. Thus, Subject D. E. received 
material from Lot G-59703 for six days and from Lot 37-K G on the seventh 
and eighth days of his A C T H period. Subject R. S. received Lot 37-K G 
for six days and Lot G-59703 on the seventh and eighth days. Subject E. S. 
(gout) received Lot 37-K G for three days and Lot G-59703 on the fourth and 








METABOLISM OF URIC ACID, GLUTATHIONE AND NITROGEN 257 


fifth days of A C T H administration. In this way the factor of individual 
variation in responsiveness to A C T H was minimized and any changes in 
blood glutathione, urinary urie acid, and urinary ‘‘ecortin’’ associated with 
the induction of glycosuria by the lot possessing the more potent diabetogenic 
property were controlled by the material which had but a mild diabetogenic 
effect. 
RESULTS 

All of the results dealing with blood sugar, carbohydrate tolerance, blood 
glutathione, urinary sugar, nitrogen, and uric acid are shown graphically 
on Figs. 1 through 6. 
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Fig. 2.—A C T H during the first six days was from Lot 87-K G. During the last two days 
Lot G-59703 was employed. 


Glycosuria and the Level of the Fasting Blood Sugar.—All three subjects 
developed glycosuria when given 52 mg. (Armour Standard) per day of Lot 
37-K G (Figs. 1, 3, and 5). In Subject R. S. (Fig. 1), 52 mg. per day of Lot 
G-59703 maintained glycosuria initiated by Lot 37-K G, but in Subject E. 8. 
(Fig. 5) the glycosuria disappeared when the switch was made. In Subject 
D. E. (Fig. 3) no glycosuria occurred with 26 mg. per day of Lot G-59703 
but it did appear when the dose of this material was increased to 52 mg. per 





258 CONN, LOUIS, AND JOHNSTON 


day. <A great increase of glycosuria occurred abruptly when 52 mg. per day 
of Lot 37-K G were given on the seventh and eighth days. It is clear that 
Lot 37-K G had the more intense diabetogenic effect. 

Maxima! twenty-four hourly glycosuria for the three subjects was 11.7 
grams (D. E.), 13.8 grams (E. S.), and 28.0 grams (R. S.), the latter despite 
the administration of 100 units of protamine zine insulin per day. Glycosuria 
was not accompanied by polyuria. Retention of sodium, chloride, and water* 
occurring simultaneously with the glycosuria tended to diminish urinary vol- 
ume moderately. 
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Fig. 3.—A C T H during the first six days was from Lot G-59708. During the last two days 
Lot 37-K G was employed. 

The maximal rise of the fasting blood surgar above the average base line 
value amounted to 47 per cent (D. E.), 37 per cent (KE. 8.), and 56 per cent 
(R.S.), the latter during administration of protamine zine insulin. 

Carbohydrate. Tolerance.—Subject R. S. (Fig. 2) gave a typically diabetic 
response after five days of A CT H (Lot 37-K G). It should be noted that 
a total of 330 units of protamine zine insulin had been administered during 
the same five-day period and that it had failed to prevent the development of 
the diabetic tolerance curve even though it had finally halted the progressive 
rise of the fasting blood sugar level (Fig. 1). Four days after cessation of 
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A C T H the curve indicated great improvement, and by the tenth post- 
A C T H day recovery of carbohydrate tolerance was complete (Fig. 2). 

Subject D. E., after five days of A C T H (Lot G-59703) showed a mild, 
if significant, decrease in carbohydrate tolerance (Fig. 4). On the seventh 
and eighth days of injection he received material from Lot 37-K G and the 
glycosuria increased abruptly along with a rise of the fasting blood sugar 
(Fig. 3).. Four days after cessation of A C T H, carbohydrate tolerance was 
still impaired, but it was normal seven days later (Fig. 4). 
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Fig. 4.—A C T H during the first six days was from Lot G-59703. During the last two days 
Lot 37-K G was employed. é 


Subject E. 8., chosen for this study because he had a pre-existing defect 
in urie acid metabolism (gout), reacted to A C T H in much the same way as 
did the normal subjects. Fig. 6 shows that after twenty-four hours of A C T H 
(a total of 41 mg. of Lot 37-K G) an intense loss of carbohydrate tolerance 
occurred. The initial control curve had been obtained two days previously. 
The next test done after two more days of injection of the same lot of A C T H 
indicated this subject’s tendency to escape from the diabetogenic effect of 
the hormone. The glycosuria produced by Lot 37-K G disappeared entirely 
when Lot G-59703 was used (Fig. 5). Normal tolerance for earbohydrate had 
returned by the sixth day following cessation of A C T H injections. 

Uric Acid Metabolism and the Level of Blood Glutathione.—The close re- 
lationship between increased urinary excretion of uric acid induced by 
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Fig. 5.—A C T H during the first three days was from Lot 37-K G. During the last two days 
Lot G-59703 was employed. 
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Fig. 6.—A C T H during the first three days was from Lot 37-K G. During the last two days 
Lot G-59703 was employed. 
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A C TH, and the development and persistence of glycosuria is observed again 
in this study (Figs. 1, 3, and 5) as it was in the previous one.* Note, however, 
that the induction of glycosuria is related not only to increased production of 
urie acid but also to a concurrent fall of the level of blood glutathione; that 
the lower the glutathione in relation to a given level of heightened purine 
metabolism, the more intense is the glycosuria; and that a major difference 
between the highly diabetogenic preparation (Lot 37-K G) and less dia- 
betogenie one lies in the capacity of the former to produce a sharper de- 
crease in the level of blood glutathione. Subject D. E. (Fig. 3) demonstrates 
all three of these phenomena. With 26 mg. per day of Lot G-59703, a rise in 
the excretion of uric acid occurred. This was not associated with a fall of 
the level of blood glutathione and glycosuria did not occur. When the dose 
of the same material was doubled, a small amount of glycosuria occured. 
Urinary urie acid did not change significantly, but blood glutathione was 
mildly depressed. When 52 mg. per day of Lot 37-K G were used, blood 
glutathione fell precipitously and glycosuria increased sharply. There oc- 
curred, too, a mild increase of urinary uric acid. Upon discontinuation of 
AC T Hasharp rise of blood glutathione occurred. 

Table II gives an index of the relative potencies of these two prepara- 
tions of A C T H with respect to an effect unrelated to carbohydrate metabo- 
lism, namely, the increased exeretio: of 17-ketosteroids induced by the ma- 
terials. Subject D. E. produced the same increase of 17-ketosteroids on 52 
mg. per day of Lot G-59703 as he did on 52 mg. per day of Lot 37-K G. Yet 
the effect of the latter preparation on carbohydrate metabolism and upon blood 
glutathione (Fig. 3) was much more intense than that of the former. 

The results of Subject R. S. (Fig. 1) leave no doubt that blood gluta- 
thione falls significantly in an individual who responds to A C T H with 
marked glycosuria. The administration of insulin did not prevent the fall of 
blood glutathione even though it was finally able to depress the level of the 
fasting blood sugar and to reduce the glycosuria. When on the last two days 
of A C T H the change was made from Lot 37-K G to Lot G-59703, glycosuria 
diminished even though no insulin was given. Blood glutathione rose. 
Urinary urie acid, urinary nitrogen, circulating eosinophiles, and 17-keto- 
steroids (Table II) remained at levels which indicated continued activity 
of A C T H, at least with respect to those indices. Thus it appeared that Lot 
37-K G contained more of something which tended to depress. blood desnnnd 
thione than did Lot G-59703. 


Subject E. S. (ig. 5) demonstrated a small but definite fall of the level 
of blood glutathione. While Subjects R. 8S. and D. E. each showed a maximal 
fall of blood glutathione (below the average base line value) of 45 per cent, 
that for E. S. was only 18 per cent. This may have been a factor in the ability 
of E. S. to recover tolerance for carbohydrate despite continued administra- 
tion of Lot 37-K G (Fig. 6). It is interesting to note again that 52 mg. per 
day of Lot G-59703 were roughly equivalent to 52 mg. per day of Lot 37-K G 
in its ability to stimulate increased excretion of 17-ketosteroids (Table IT) 
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and in its capacity to promote negative nitrogen balance (Fig. 5). Mention 
should be made of the fact that A C T H produced no greater urinary exere: 
tion of uri¢e acid in a patient with gout than it did in normal individuals. 

Protein Metabolism.—As noted previously' one finds again complete lack of 
correlation between protein metabolism and the occurrence of glycosuria. In 
Subject R. S. (Fig. 1) negative nitrogen balance persisted for six days follow- 
ing cessation of A C T H, but glycosuria disappeared on the second post- 
injection day. Subject D. EK. (Fig. 3) developed no negative nitrogen balance 
as the result of A C T HT. Nevertheless glycosuria appeared. It beeame evident 
first during a phase of nitrogen retention. This, too, has been noted before.’ 
Subject IH. S. (Fig. 5) developed negative nitrogen balance and glycosuria under 
the influence of Lot 37-K G. When he-was switched to Lot G-59703 negative 
nitrogen balance persisted but glycosuria disappeared promptly. 

Urinary Excretion of ‘‘Cortin’’ and of 17-Ketosteroids—In the light of the 
metabolic changes presented, it is of interest to examine in detail the results 
obtained from daily analyses of the urine for excretory steroids, with particular 
reference to ‘‘eortin’’ (Table II). A great rise in the excretion of 17-ketosteroids 
was observed during the A C T II period in all three subjects. The maximal 
response observed for each subjeet was obtained and maintained with either 
preparation of A C T IT administered at the same dose level. It is significant 
that regardless of which preparation had been maintaining the elevated exere- 
tion of 17-ketosteroids during the last two days of A C T II, cessation of injee- 
tions resulted during the next twenty-four hour pericd in a sharp fall of 17- 
ketosteroid exeretion to levels approaching the base line values. This means 
that when excessive stimulation by A C T IL of androgenie corticoid production 
ceases, excessive production of such steroids diminishes rapidly. It means, too, 
that urinary exeretion of the metabolie end-products (17-ketosteroids) is rapid 
in relation to the time of production of their precursors. 

In contrast, complete excretion of the cortin-like steroids appears to be 
characterized by a lag of about forty-eight hours after their production and 
after their physiologie effect has been observed. Subjeet D. KE. (Table IT) is 
seen to have shown his greatest rise of urinary ‘‘eortin’’ on the second day of 
injections of Lot 37-K G. <A very high level of ‘‘eortin’’ exeretion continued 
for two days after the injections were stopped. On the basis of these urinary 
values alone, one might assume that time is required before the adrenal cortex 
responds to the stimulus, and that the cortex continues to produce excessive 
amounts of ‘‘eortin’’ for several days after the stimulus stops. A glanee at 
Fig. 3, however, is sufficient to destroy this interpretation. From a metabolie 
point of view, there is evidence of great increase of activity of ‘‘11-oxysteroids”’ 
only during the two days that Lot 37-K G was injected, and the most intense 
metabolic changes occurred during the first day of injection of this material 
(Day 7). During the first two recovery days (when ‘‘eortin’’ exeretion was 
very high) all evidence of inereased physiologic aetivity of cortin-like steroids 
had disappeared. | 

Similar interpretations cannot be made with equal assurance in the other 
two subjects because in them Lot 37-K G was given initially and they received 
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Lot G-59703 only during the last two days of injection (a time during which 
increased excretion of ‘‘cortin’’ would have been expected without injections, 
had they reacted similarly to Subject D. E.). Nevertheless, there is some evi- 
dence for existance of this same phenomenon. In Subject E. S. (Table IT) 
urinary ‘‘cortin’’ excretion reached its peak value during the fourth day of 
A C T H (three days of Lot 37-K G and one day of Lot G-59703). If urinary 
‘‘eortin’’ were reflecting endogenous production of that material on the day 
of its excretion, one would expect the maximal metabolic effect to have been 
observed on the fourth day. It is significant, however (Fig. 5), that on the 
fourth day metabolic indices of ‘‘11-oxysteroid’’ activity had fallen sharply, 
particularly with reference to carbohydrate metabolism. It seems most likely 
that the high urinary excretion of ‘‘cortin’’ on the fourth day of A C T I 
was due in part, at least, to excretion of metabolic end products of corticosteroids 
which had been produced earlier and which had exerted metabolic effects during 
the initial three days of injections. The data on Subject R. S. (Table IT and 
Fig. 1) are not easily interpreted in this regard because this subject had received 
large amounts of insulin during the first six days of A C T H and none during 
the last two days. That there existed excessive ‘‘1l-oxysteroid’’ activity 
during the last two days of injections is obvious. Whether it was as intense as 
during the preceding days is difficult to evaluate. All things considered, the 
proposition seems justified that the metabolic end products of the 11 and 11-17 
oxysteroids appear in the urine much later in relation to their time of produc- 
tion than do the exeretory products of the andregenie corticosteroids. 

In connection with the variations in total nitrogen metabolism which are 
observed in different individuals exposed to the same adrenal cortical stimulus, 
it is of interest to examine the relative quantities of the two major types of 
exeretory steroids which appear in the urine. Subjects B. S. and E. S. 
developed negative nitrogen balance. Total increases in both 17-ketosteroid 
and ‘‘eortin’’ exeretion were of the same order of magnitude and _ propor- 
tionality. Subject D. E., who demonstrated no loss of body protein, showed 
much lower total exeretions of 17-ketosteroids. During the first six days of 
A C T H the proportionality of 17-ketosteroids to ‘‘cortin’’ was similar to that 
observed in the other two subjects. But in the latter part of the A C T H 
period, when ‘‘cortin’’ exeretion rose abruptly, unaccompanied by a rise of 
17-ketosteroid excretion, no significant change in nitrogen equilibrium occurred 
(Fig. 3 and Table II). It seems probable that over-all nitrogen balance de- 
pends upon the relative amounts of protein-anabolic and protein-catabolie 
steroids produced in response to an adrenal cortical stimulus but that the total 
quantity of ‘‘eortin’’ exereted gives no index of the amount of the protein- 
eatabolie steroid which contributed to the exeretion of the total quantity of 
‘*11-oxysteroids.’’ 

DISCUSSION 


Our previous report’ and the present one indicate that glycosuria, in- 
ereased levels of the fasting blood sugar, and glucose tolerance curves char- 
acteristic of the diabetie state can be produced in normal people by means of 
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the administration of suitable amounts of pituitary preparations, purified so 
as to contain mainly the adrenocorticotropic hormone. It seems likely that in 
response to A C T H the elaboration of excessive amounts of certain of the 
adrenal corticosteroids (of the 11 and 11-17-oxygenated types) plays an 
important part in the initiation of the diabetic state. It is unlikely that the 
small amounts of known contaminants present in these preparations are 
capable, per se, of producing diabetes mellitus. Not ruled out are the possi- 
bilities (1) that one of these known contaminants potentiates the diabetogenic 
activity of the cortical steroids which are produced, (2) that an unknown 
factor is present in the purified A C T H which inereases the diabetogenic 
potentiality of excessive production of the so-called ‘‘S’’ type of cortico- 
steroids, or (3) that glycosuria is dependent upon excessive production of a 
specifie 11- or 11-17-oxysteroid and that preparations of A C T H vary in their 
capacities to provoke increased production of that particular steroid. One of 
these possibilities is suggested by the experiments shown in Figs. 1, 3, and 5 
in which Lot 37-K G was found to exert a much greater diabetogenic effect 
than Lot G-59703 when both preparations were alternated in the same three 
subjects. It seems significant, too, that in other respects the two preparations 
produced similar effects. In this connection, it is evident that Lot 37-K G de- 
pressed the level of blood glutathione much more than did Lot G-59703. The 
possibility, then, that another factor is required in addition to increased ‘‘S 
hormone”’ activity, in order that a marked diabetogenic effect be produced 


in the intact organism, cannot yet be discarded. That there may exist more 
than one pituitary adrenocorticotropiec hormone must also be considered. 


From the metabolic point of view, the close association of impaired earbo- 
hydrate tolerance, increased urie acid excretion, and depressed levels of blood 
glutathione is intriguing. The induction of alloxan diabetes in animals is 
associated with an abrupt fall of the blood glutathione to 50 per cent or more 
below the base line value.*® Animals that resist the diabetogenic effect of 
alloxan show a much smaller, if any, depression of blood glutathione.® ° 
Suitable administration of large amounts of glutathione or of other sulfhydry]- 
bearing compounds protects against the diabetogenic effect of alloxan.’ 
Whether or not alloxan or other related compounds which selectively injure 
beta cells are normal intermediaries of purine metabolism, they are chemically 
related to urie acid. Compounds of this family which are diabetogenic exert 
this effect only in the presence of a subnormal level of blood reduced gluta- 
thione. It has been reported recently by Griffith’ that hyperglycemia can 
be produced in rabbits by intraperitoneal administration of urie acid, provid- 
ing that the level of blood glutathione is first lowered by means of a diet 
deficient in cystine and in methionine. These findings appear to be related to 
ours. 

That an increased excretion of uric acid occurs in normal human beings 
given A C T H or adrenal corticosteroids of the 11 or 11-17 oxygenated types 
is now well known.® Wheher the fall of blood glutathione, which we have ob- 
served with A C T H, is the result of an increased endogenous production of 
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alloxan or alloxan-like intermediaries associated with heightened purine 
metabolism (and thus an indirect effect of ‘‘11-oxysteroid’’ activity), or 
whether this fall is produced by an extraneous factor cannot be said at this 
time. In any ease the data indicate (lig. 3) that in the presence of increased 
urinary excretion of urie acid, a sharp fali of the level of blood glutathione 
is associated with an increase of glycosuria. Similarly, even in the presence of 
increased purine metabolism a rise of blood glutathione is associated with a 
decrease of glycosuria (Fig. 1). 

It is conceivable that in the presence of both lowered intracellular concen- 
trations of reduced glutathione and heightened intracellular concentrations 
of purine metabolytes, enzymatie production of insulin by the beta cell is im- 
paired. This does not imply necrosis of beta cells, sueh as oeceurs following 
a large dose of alloxan during which the exposure of these cells is intense 
but transitory. In facet, the effective period after administration of alloxan 
is so transitory that exposure must be intense in order that any effect be 
demonstrable. Ilowever, when the ecell is given a much smaller degree of the 
same qualitative exposure over a relatively prolonged period of time, it is logical 
to believe that the initially demonstrable abnormality will be functional rather 
than anatomical. It is prebable, too, that the very funetion for which this cell 
exists (production of insulin) is the most important factor which makes it so 
selectively susceptible to the conditions mentioned. While this concept, with 
respect to production of a temporary diabetic state in normal human beings 
by means of the materials utilized in these experiments, is not firmly estab- 
lished, it is believed that it constitutes a beginning which warrants further 
intensive investigation. 

That there is involved, too, an extrapancreatic diabetogenic effect seems 
likely. In the experiment in which insulin was administered (lig. 1) the 
subject showed a greater resistance to insulin than is usually observed 
in a diabetic patient who exhibits a similar degree of reduction of carbohy- 
drate tolerance. It could be argued that A C T H-indueed diabetes is one 
which is based entirely upon a decreased affectiveness of endogenous insulin in 
the tissues and that the beta eells may be producing actually more than the 
normal quantity of insulin in response to ‘‘tissue requirements’’; that under 
these circumstances, fatigue of the beta cells will soon supervene, as evidenced 
by retrogressive cytologic changes and decreased secretory activity. It will 
he agreed, however, that if A ( T THT were still being administered at this 
time, resistance to exogenous insulin still would be evident. It is clear, then, 
that resistanee te exogenous insulin gives no information relative to the total 
production of insulin hy the pancreas. As judged by the amount of funetion- 
ing panereatie tissue which is needed in man, following partial pancreatec- 
tomy, to prevent the appearance of diabetes, A CT H-indueed diabetes is com- 
patible with a very significant decrease of the capacity of the beta cells to 
make insulin. It is to be reealled, too, that partially depancreatized animals, 
even though not diabetic, are much more susceptible to the diabetogenic effect 
of A PE (anterior pituitary extract) than are animals with pancreas intact. 


So ee = me PORTER REY Ts oR ewe oS 
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The assumption that a decreased functional capacity of the beta cells 
occurs during A C T H administration (as a result of the metabolic aberration 
described) is easily reconcilable with the classical experimental results of Best,'° 
Houssay,'' and Lukens’” and their respective associates. Best and co-workers’? 
showed the existence of a decreased content of pancreatic insulin of dogs by the 
third day of A P E administration. On the basis of associated retrogressive 
changes in the beta eells it was coneluded, with justification, that the phe- 
nomenon was the result of extrapancreatic, hyperglycemic overstimulation of the 
beta cells. That this mechanism is an essential part of the evolution of beta 
cell degeneration goes without saying. Houssay and eo-workers'! observed a 
decreased insulin-producing capacity of the pancreases of A P E-treated dogs 
after three daily injections of the material, but were unable to duplicate these 
findings in dogs given no A P E but given glucose in sufficient amount to main- 
tain a hyperglycemia of the same degree and for as long as that observed in the 
A P E-treated animals. It was shown, too, that as the functional reserve of the 
panereas is diminished (by inereasing degrees of partial pancreatectomy), in- 
creased sensitivity to the diabetogenic effect of A P E oeceurs. Dohan and 
Lukens’? have demonstrated that hyperglycemia, per se, if sufficiently intense 
and if sufficiently prolonged, is capable of inducing degenerative changes in 
the beta cells. The extreme resistance of normal beta cells to degeneration 
by means of hyperglycemia alone is noteworthy in their experiments. This is 
far different from the experience of all who have worked with A P E. In the 
latter case, both functional and retrogressive cytologic changes of the beta 
cells are demonstrable in three to four days, during which time the hyper- 
elycemia is much less intense -than that which was found necessary in the 
olucose experiments of Dohan and Lukens. We suggest that the difference 
may be explainable on the basis of the increased vulnerability to hyper- 
olyeemia of beta cells which have been damaged functionally by the metabolic 
upheaval of purine and glutathione metabolism induced by A C T TH. 

Whatever may be the mechanism or combination of mechanisms which 
initiates impaired carbohydrate tolerance and hyperglycemia when purified 
A C T TIL is administered, it is reasonably certain that in highly responsive 
individuals such as Subject R. S. continued administration of the material 
would eventually result in permanent diabetes. Obviously, such an experi- 
ment is not justifiable. That there is great individual variation in the susecepti- 
bility of carbohydrate metaholism to injury by the measure used is elear. 
The variation may reside in differences in the capacities of normal individuals 
to maintain a reasonably normal level of reduced glutathione and of other 
sulfhydryl-bearing compounds under the conditions imposed. This faetor 
appears to be a determining one with respect to the diabetogenic potency of 
administered alloxan in animals. One could speculate that this factor may be 
involved in the well-known familial susceptibility to diabetes mellitus. 

A final comment is required concerning the changes in protein metabolism 
which were observed in the subjects of this investigation. Upon administra- 
tion of A C T H, the exhibition by a given subject of negative nitrogen 
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. balance, nitrogen equilibrium, or positive nitrogen balance is dependent very 
likely upon the relative proportions of androgenic (protein anabolic) and of 
certain of the 11 and 11-17 oxygenated corticosteroids (protein catabolic or 
antianabolic) that are released in response to the stimulus.* But glycosuria 
occurred in all of our subjects regardless of the status of nitrogen metabolism. 
While glyeosuria and loss of carbohydrate tolerance are more intense in those 
who demonstrate negative nitrogen balance, the latter is not a necessary accom- 
paniment. It is believed that the emphasis, rather than being upon excessive 
elyconeogenesis from protein, should be upon the fact that A C T H causes an 
over-all reduction of the capacity of the body to utilize normally those elements 
which enter into the ‘‘earbohydrate pool,’’ regardless of their source. Loss of 
body protein and decreased carbohydrate tolerance are metabolic effects prob- 
ably produced via the same types of corticosteroids. In different individuals, 
however, these effeets may vary independently of each other indicating (1) 
that each is not dependent for its existence upon the other and (2) that such 
variations may be manifestations of individual differences in end organ 
responses to similar stimuli, or manifestations of individual differences in the 
production of specific steroids belonging to the 11 and 11-17-oxysteroid family. 


SUMMARY 


A state of metabolism similar in all respects to clinical diabetes mellitus 
has been produced in normal human beings by the administration of a purified 
preparation of adrenocorticotropic hormone. It seems evident from the results 
that permanent diabetes mellitus in man could be produced with this material 
were caution not exercised with respect to duration of administration and dosage 
employed. The diabetes evidenced during such treatment was found to be rela- 
tively resistant to exogenous insulin. This fact does not indicate necessarily 
that resistance to endogenous insulin is the mechanism by which loss of earbohy- 
. drate tolerance is affected by A C T H. 


Analysis of the metabolic data discloses a consistent correlation between 
loss of tolerance for carbohydrate, increased endogenous purine metabolism, 
and depressed levels of blood glutathione. It is suggested that A C T H may 
affect changes in the composition of intracellular fluid which include (1) in- 
ereased concentrations of intermediaries of purine metabolism and (2) de- 
ereased concentrations of sulfhydryl-bearing compounds. It is suggested, 
further, that sinee the beta cells of the islets of Langerhans are known to be 
more sensitive to injury by the aforementioned intracellular alterations (prob- 
ably by virtue of their insulin-producing function) than are any other eells of 
the body, a functional impairment of these cells occurs which inereases their 
vulnerability to hyperglycemia. 

Negative nitrogen balance is not a necessary accompaniment of glycosuria 
produced by A C T Hf. Although greater loss of carbohydrate tolerance is ob- 
served in subjects who lose body protein, the two metabolic phenomena are not 
mutually dependent. Specific steroids of the 11 or 11-17 oxygenated types may 
be responsible for each phenomenon. 
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Some of the data suggest that there may exist more than one pituitarye 
adrenocorticotropic hormone. 
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N ATURALLY occurring anti-Rh antibodies either do not exist or are exceed- 
ingly rare. Those produced by isoimmunization in pregnancy are fre- 
quently of low titer and many times contain a mixture of antibodies, all factors 
making them an unreliable and sometimes undesirable source of this highly 
sought after laboratory reagent. 

With the report by Hill, Haberman and Orozco' on preparation of anti-Rh 
sera by injection of Rh-positive cells into previously immunized Rh-negative 
women, a method became available to increase the supply of this valuable 
reagent.* Previously it had been shown that experimental sera produced in 
various animals not only have the disadvantage of sma!] quantity and low titer 
but exhibit a certain lack of specificity, particularly when tested against cord 
cells or cells from newborn infants. 

The next important contribution toward production of specifie and potent 
sera was made by Wiener and Gordon? who carried out intentional immuniza- 
tions of normal Rh-negative men by injection of Rh-positive cells of a known 
specificity. Their injection schedule called for two intravenous injections of 4 ¢.¢. 
each of a 50 per cent red cell suspension at four-month intervals, followed by 
bleeding of the donors approximately ten days after the last ‘injection. By this 
method they sensitized five of nine individuals but obtained only two sera suffi- 
ciently potent for laboratory purposes. In an addendum they report a yield of 
five useful sera from six injected individuals immunized over a period of one year 
with injections at six-week intervals. 

While the studies deseribed below were in progress, Van Loghem® reported 
the production of anti-C (rh’) and anti-EK (rh’”) sera by means of artificial 
immunization of volunteer donors. 

The purposes of our investigation were to determine the types of anti-bodies 
produced as well as the order of their appearance, the incidence of individuals 
who could be immunized by the method used, and the minimum quantity of red 
blood cells required to produce immunization, An additional important con- 
sideration was our endeavor to obtain a supply of potent anti-Rh serum. 


METHOD 


Ten white Rh-negative volunteers who had never received transfusions or intramuscular 


injections of blood as far as could be ascertained were selected for this experiment, Each of 


them received an initial intravenous injection of a 50 per cent cell suspension of the type 
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*At the International Hematological and Rh Conference (Dallas, Texas, 1946) IL. Diamond 
reported unpublished experiments with intentional immunizations dating back to 1942. By 
1946, he had treated over sixty-five subjects with 75 per cent success. 
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O Dee (Rh,).* On the basis of a 47 per cent hematocrit this was calculated to contain 
approximately 1.17 ¢.c. of packed cells. All subsequent injections were administered at 
six-week intervals and group O type ae (Rh, homozygous) cells were used for these and 
ll other injections. Each dose comprised a packed cell volume of 1 cubic centimeter. 
Before the initial injection and at the time of each subsequent injection, sera were obtained 
‘rom all ten individuals and tested for the presence of antibodies by means of the saline 
agglutination technique, the 20 per cent bovine albumin, and the Coombs antihuman pre- 
‘ipitin technique,‘ using the injected cells and a cell of the type DCE as antigens. As 
soon as any sensitization could be detected, the injection schedule for the particular in- 
lividual was changed to ten-day intervals in order to speed up the process of antibody 
formation. All sera containing antibodies were tested for their specificity with appropriate 
‘ells. 
RESULTS 


The first antibody response occurred simultaneously in three individuals 
after the third injection. The cell volume injected up to that time comprised a 
total of 3.17 ¢.e, each. After the fourth injection, four subjects responded with 
antibody formation, and after the fifth and sixth injections, seven and nine 
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NUMBER OF NUMBER OF APPROXIMATE CELL 
IMMUNE RESPONSES INJECTIONS VOLUME INJECTED ((€.C.) 
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sensitizations respectively could’ be detected. The maximum total volume of 
cells injected into any one volunteer was 6.17 cubic centimeters. These results 
are summarized in Table I. 

As shown in Table II, the three individuals who produced antibodies after 
only three injections responded with formation of saline agglutinins to a titer 
of about 1:10. The reactions obtained in 20 per cent bovine albumin were found 


TABLE IT 








TITER 

SALINE 20 PER CENT COOMBS 

SUBJECT AGGLUTINATION BOVINE ALBUMIN REAGENT 
Ma 10 10 160 
Bu 10 10 160 

Me <10 <—10 <.10.. 











to be within approximately the same range, whereas the Coombs reagent in two 
out of the three sera demonstrated antibody titers whieh far exceeded those 
obtained by either the saline or albumin techniques. 
All four subjects who required only three or four stimulations produced 
initially saline agglutinins which in the course of further injections showed a 
*This suspension was prepared by withdrawing 30 ml. of venous blood from the donor 


and mixing it with an equal amount of 3.6 per cent sodium citrate in a_sterile bottle. The 
resulting suspension was thoroughly mixed by shaking, and 5 ml. were used for each injection. 
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definitive rise and fall in titer, even to a level of complete disappearance.* At 
the same time the reactions elicited in 20 per cent bovine albumin media in- 
creased in titer consistently. The titer of antibodies detected by means of the 
Coombs technique exceeded the titers in bovine albumin in two of the four 
cases, whereas identical results were observed in the other two. The above- 
mentioned titration difference amounted to between three and four double dilu- 
tions. Typical samples of these findings are shown in Table III. 


TABLE III 








TITER 
SUBJECT MA | SUBJECT ME 
NUMBER SALINE 20 PER CENT | SALINE 20 PER CENT 








OF AGGLU- BOVINE COOMBS AGGLU- BOVINE COOMBS 
INJECTIONS TININS ALBUMIN REAGENT TININS ALBUMIN REAGENT 

0 0 0 0 0 0 

0 0 0 0 0 0 

8 8 128 <> <8 <8 

8 128 512 32 32 32 

256 256 1024 256 256 256 

16 256 2048 0 o12 512 








The remaining five cases which required five or more injections for produc- 
tion of antibodies failed to show saline agglutinins. The titration values in 
bovine albumin and those obtained with the Coombs reagent ranged from 1:2 
to 1:64, but in no ease did the Coombs technique detect antibodies of significantly 
greater strength than those demonstrated in albumin media. One subject (C. B.) 


who responded after the fifth injection was found to have lost all detectable 
antibodies after a subsequent injection. Because the original titer was low these 
results were seriously questioned, but on re-examination of the old specimen 


TABLE IV 





TITER. 
SUBJECT F. S. SUBJECT K, SUBJECT C. B. 

NUMBER 20 PER 20 PER 20 PER 

OF SALINE CENT SALINE CENT SALINE CENT 
INJEC- | AGGLU- | BOVINE | COOMBS | AGGLU- | BOVINE | COOMBS | AGGLU- | BOVINE | COOMBS 
TIONS TININS | ALBUMIN|REAGENT | TININS |ALBUMIN|REAGENT | TININS | ALBUMIN] REAGENT 
1 ( 0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
4 4. ° z 
64 8 8 0 0 


























preserved at icebox temperature the antibodies found previously could still be 
detected. One of the ten eases failed altogether to show any antibody response 
after six administrations of six-weekly injections amounting to approximately 
6 ¢.c. of packed cells. Typical examples of the late immune response are shown 
in Table IV. 

Three of the donors having sera with maximum titers of 2048, 512, and 64 
respectively were retested eight weeks after their last injection. None showed 


*The same observation was made by Levine and Wigod in cases of isoimmunization in 
pregnancy. (Personal communication.) 
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diminution in titer or qualitative change in antibodies. The same sera were 
again retitrated after six months of storage at +7° C. and the results were 
identical or within one double dilution which is considered to be within the 
limits of the experimental error. 

With reference to the specificity of the antibodies produced in the nine 
volunteers, eight were found to correspond completely to anti-D (Rh,). One 
individual (Ma.), however, was found to have produced anti-C (rh’) and 
anti-D (Rh,) antibodies of equal titer and quality. Because of this unexpected 
result the serum was submitted to Dr. Philip Levine who was able to confirm 
our observation. Consequently, because it was suspected that the cells used for 
our immunization were actually DCe (Rh,) and not Dee (Rh,) or DeE (Rh,), 
they were subjected to a battery of anti-C sera in our laboratory as well as in 
Dr, Levine’s. All tests failed to disclose the presence of a C antigen. Because 
of the experience of Van Loghem,* who by injection of cells presumably of type 
dCe (rh’), but actually D"Ce, obtained an anti D + C (Rh’,) serum, the cells 
used in our experiments were submitted to Dr. R. R. Race in London for detec- 
tion of an intermediate C antigen. Dr. Race reported the absence of C, C", CY 
or ¢’, thus leading us to believe that the volunteer must necessarily have received 
other Rh-positive blood at a previous oceasion. Further search into his history 
by close questioning and conference with his mother failed to reveal any previous 
incidence of intravenous or intramuscular injection of blood. It is of interest 
to note that this same individual was the only one who reported a reaction,* 
after every injection including the first one and was the only one who during 
the series of injections developed infectious hepatitis. 


DISCUSSION AND SUMMARY 


With the method presented, it was possible to immunize nine of ten human 
subjects using six intravenous injections to a total of about 6 ml. of cells. Five 
of the individual sera produced were sufficiently potent to be used as laboratory 
reagents. 

The immune response between those who required only three or four injec- 
tions and those requiring more seemed to differ significantly. The absence of 
saline agglutinins in the late immunizations is rather striking. As observed in 
some sera, there was a marked difference between reactions obtained in albumin 
media and those obtained with the Coombs reagent. Although it is well known 
that this reagent is more sensitive than any other method used for the detection 
of sensitization, it is difficult to understand why this difference in titer should 
appear only in some sera and not in all. One possible explanation may be the 
presence of a third order antibody as previously postulated by Hill and Haber- 
man.° It is of interest to note that this discrepancy in titer was observed only 
in those volunteers who were immunized with relative ease. 

As regards the stability of the antibodies produced, they were found to be 
at least as stable as or more stable than those occurring in eases of isoimmuniza- 
tion in pregnancy. 


*Pain in eyeballs and lumbar region, slight elevation of temperature, and chills. 
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The disappearance of antibodies after a subsequent injection of the antigen, 
as oceurred in one ease, is compatible with the phenomenon of negative phase 
of immunization which was recently observed to occur even during natural 
immunizations against Rh.® 

The presence of anti-C in addition to anti-D in the serum Ma. cannot be 
explained satisfactorily. Although nonspecific antibody production is known to 
occur, as for instance described for the M and N system by Landsteiner and 
Levine,’ this is usually observed in low titers. The fact that the nonspecific 
antibody observed in our case was of high titer and equal to the specifie one 
makes this explanation less likely. In attempting to explain the phenomenon 
observed, the following possibilities should be kept in mind. First, the history 
may have been incorrect and our volunteer possibly received an injection of 
foreign blood as a child. This appears most likely because of the reaction re- 
ported by him even after the first injection. Second, it 1s remotely possible that 
the cells used for injection contained a hitherto undetected variation of the 
antigen C, eapable of producing anti-C antibodies. Third, one should consider 
that other antigenic stimuli, even the attack of homologous serum hepatitis, may 
have been responsible for the nonspecific antibodies observed. 

In comparing the minimum amounts of cells necessary to produce im- 
munization against C (rh’) and E (rh”) in the series of Van Loghem* and 
those found necessary in our experiments, the following results can be obtained 
(Table V). 


TABLE V 





ANTIGEN INJECTED D 








Minimum amount of cells necessary 
to immunize (¢.c.) 





From these findings it appears that with the decrease in antigenicity of the 
cells the quantity of antigen must be doubled. Whether these results are sig- 
nificant or accidental can be established only by a larger series. 
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LABORATORY METHODS 


DETERMINATION OF PHENOL IN BIOLOGIC MATERIAL 


G. Gomori, M.D., Pu.D. 
Curcago, ILL. 


HERE are a number of color reactions for phenol available, some of which 

lend themselves readily for the determination of phenolic substances in 
biologic material. Tests for phenol were reviewed by Gibbs’ in 1926, and 
their applications to biology by Deichmann and Schafer? in 1942. 


For biologie uses the most commonly employed methods are the molyb- 
denum blue method of Folin and Ciocalteu® and the azo dye method intro- 
duced by Theis and Benedict.* The latter method is distinctly preferable be- 
cause of its far greater sensitivity and specificity. Its main disadvantage is 
the lability of the diazo reagent which must be prepared fresh daily. To ob- 
viate this disadvantage, it was attempted to utilize one of the commercially 
available stabilized diazo salts which, under suitable conditions, have good 
keeping properties. Fifteen such compounds were tested and, although sev- 
eral of them proved to be usable, diazotized 5-nitro-2-aminoanisole* was se- 
lected as the reagent of choice because of the intense orange-red shade it gives 
on coupling with phenol. This shade is quite stable in the presence of 4 to 6 
per cent aleohol, whereas in a purely aqueous medium it gradually fades. 
Aleohol in concentrations in excess of 7 per cent inhibits full development of 
eolor. With phenolic substances other than phenol itself, the optimal con- 
centration of aleohol may be higher or lower; also the shade and intensity of 
the color of the azo dye may be different. Certain substances such as salicylic 
acid and p-substituted phenols give pale shades. Table I shows the molar 
efficiency (i.e., the ratio of 


molar econeentration of phenol 
molar concentration of substance in question ’ 





giving the same colorimetric readings) of the method in the case of various 
phenolic substances. In addition, a number of nonphenolic compounds, con- 
sidered likely to give color, are also listed. 
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TABLE I. SENSITIVITY OF AZO Dyk METHOD TO VARIOUS SUBSTANCES 








SUBSTANCE | MOLAR EFFICIENCY | REMARKS 





Phenolic compounds 

Phenol 1 

Salicylic acid 0.055 

Tyrosine 0.09 

Thymol By 17% alcohol; purple 

o-Cl-phenol 1.13 

Guaiacol 1.32 

o-Cresol 1.34 

p-Cresol 0.18 

Resorcinol 0.77 

Alpha naphthol 1.51 40% alcohol; blue 
Nonphenolic compounds 

Acetone 0.00013 

Arginine 0.005 

Histidine 0.015 

Tryptophane Less than 0.001 





As shown, the molar efficiency for substances of nonphenolie nature is so 
low as to rule them out as sourees of error. 


METHOD 


Reagents.—1. Saturated solution of borax in 15 per cent alcohol. To 1,000 ml. of 15 
per cent alcohol add about 35 Gm. of powdered borax (Na.B,O;-10H,O) and shake repeatedly. 
Some of the borax will remain undissolved. This reagent is stable. 

2. Diazo reagent. Dissolve 0.25 Gm. of Red B Salt (or any of the other brands men- 
tioned) in 100 ml. of ice-cold water and filter. Add 1 ml. of 5 per cent H,SO,. This solu- 
tion will keep in thé ice box for over two weeks. 

Standardization of Curve.—Prepare a stock solution of phenol (reagent grade, purity 
+99 per cent) containing 1 mg. of phenol in 10 milliliters. Make a series of dilutions by 
pipetting 0.5, 1, 2, 3, and 5 ml. of the stock solution into 100 ml. volumetric flasks and filling 
them up to the mark with water. Measure 5 ml. samples of each (covering the range of 2.5 
to 25 wg of phenol per sample) into colorimetric test tubes; use the same amount of water 
as a blank. Add to each tube 1 ml. of water and 4 ml. of borax solution. Invert tubes 
twice. Add 0.5 ml. of diazo reagent. Invert tubes twice. Read betwen three and sixty min- 
utes after mixing, using a 490 my (blue-green) filter. Plot data on semilogarithmic graph 
paper. A straight line should be obtained. 

Determination of Phenol in Unknown.—Unknown (urine, serum, and so forth), 1 ml.; 
water, 5 ml.; borax solution, 4 ml.; diazo reagent, 0.5 milliliter. Read against blank as be- 
fore. In case the specimen is not colorless, two blanks must be used: A, specimen replaced 
by water; B, diazo reagent replaced by water. Both unknown and the blanks are read against 
pure water, and the sum of values for A and B is deducted from the value for the unknown. 
If, owing to large amounts of phenol present, the shade is too dark for reading, both un- 
known and blank are diluted to a convenient larger volume (e.g., 25 or 50 ml.) with 4 per 
cent alcohol, and the values are multiplied by a corresponding factor. The amount of diazo 
reagent given is sufficient up to 120 wg of phenol. For special purposes, the technique may 
be modified. For instance, in the case of a Folin-Wu filtrate, take a 5 ml. sample, add 1 ml. 
of 0.3N NaOH (to neutralize the acid), 4 ml. of borax, and 0.5 ml. of diazo reagent. 


RESULTS 
The present method was used for the determination of phenol in serum 
(ten eases), in Folin-Wu filtrates of serum (five cases), in histamine-stimulated 
gastric juice (191 cases), and in urine (forty-nine cases). The readings on 
serum were invariably higher (range, 17 to 32 g/ml.) than in the correspond- 
ing Folin-Wu filtrates (range, 7 to 10.4 »g/ml.) because phenolic groups in 
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proteins also react. The range in gastric juice was 1.4 to 56 »g/ml.; in urine, 
0.9 to 44 wg/milliliter. All urines containing more than 25 pg of phenol were 
positive with Ehrlich’s diazo reaction. 


OTHER APPLICATIONS OF THE PHENOL REACTION 
The reaction described can be used for the determination of phosphatase 
activity, both in the acid and alkaline range, with the advantage that the step 
of deproteinization becomes unnecessary. The introduction of a new sub- 
strate (phenyl benzoate) permits the determination of lipase (esterase) ac- 
tivity in a highly accurate, simple, and inexpensive way. 
TABLE IT. Errrect oF BORATE ON HYDROLYSIS OF PHOSPHORIC ESTERS 


(Enzyme: Solution of purified extract of dog intestine, 1:500 dilution, 1 ml. Substrates, 
0.005M in 0.05M buffer of pH 9.2; Mg, 0.005M. Activity expressed in 
ug of P liberated in 1 hour. Temp., 37° C.) 








SUBSTRATE | BARBITAL BUFFER | BORATE BUFFER 


Glycerophosphate 102 57 
Phenylphosphate 93 96 








Phosphatases—The substrate is King and Armstrong’s® di-Na-phenyl- 
phosphate. The buffer in the acid range is acetate, while in the alkaline range 
it is borate. The latter is a cheap and efficient buffer at the optimum range of 
alkaline phosphatase in ease of phenylphosphate as a substrate (around pH 
9.8).6 In preliminary experiments it was shown that borate does not inhibit 
the hydrolysis of phenylphosphate while it strongly inhibits that of glycero- 


phosphate (Table IT). 


Reagents.—1. Substrate: di-Na-phenylphosphate, approximately 0.05M. Use a good 
grade chemical, low in phenol or, if such is not available, extract about 1.1 Gm. of di-Na- 
phenylphosphate with about 100 ml. of hot alcohol, dry and dissolve it in 100 ml. of distilled 
water. 

2. Acetate buffer, 0.05M, pH 5. Dissolve 4.75 Gm. of Na acetate and 0.9 ml. of acetic 
acid in 1,000 ml. of water. 

3. Borate buffer, 0.1M, pH 9.7 to 9.8. Dissolve 9.5 Gm. of borax and 30 to 35 ml. of 
4 per cent NaOH in 1,000 ml. of water. 

4, Twenty per cent solution of magnesium chloride. 

Determination of phosphatase activity. A, Alkaline phosphatase. Buffered substrate 
(borate buffer, 90 ml.; substrate, 10 ml.; Mg solution, 1 ml.; mixture will keep in the re- 
frigerator for several months), 5 ml.; serum dilution 1:25, 1 milliliter. Blank: buffered sub- 
strate without serum. Incubate tubes at 37° C. for one hour. Place tubes in ice-cold water. 
Add to blank 1 ml. of serum dilution. Determine phenol as described. 

B, Acid phosphatase. Buffered substrate: acetate buffer, 90 ml.; substrate, 10 
milliliters. This mixture will undergo slow hydrolysis even in the refrigerator and should 
not be kept for longer than two weeks. Procedure otherwise is identical with the previous one. 


There are a number of arbitrary units of phosphatase activity described 
in literature, four of which are being widely used (Bodansky,’ King-Arm- 
strong,’ Huggins and Talalay’s*® phenolphthalein, and Bessey and co-workers” 
nitrophenol units). It is suggested, in order to facilitate direct comparison 
of results obtained with various methods, that the activities of all hydrolytic 
enzymes be expressed in terms of micromoles of esteric linkages split in one 
hour by 1 ml. (or 1 Gm.) of biologie material, preferably under optimal con- 
ditions or, in some eases, under the special conditions of the experiment, re- 
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gardless of the compound actually determined colorimetrically or by any other 
mneans, and regardless of the actual length of time of incubation. Table III 
gives a comparison between the various units of alkaline phosphatase activity, 
the determinations having been performed with human serum exactly ac- 
cording to the authors’ specifications. It should be remarked, however, that 
neither the Bodansky nor the King-Armstrong technique utilizes optimal con- 
ditions. Both omit the addition of Mg, and for this reason the Mg concentra- 
tion is suboptimal (10-* M or less, instead of 10-° to 10-* M) ; moreover, in the 


TABLE III. EQUIVALENTS OF UNITS OF ALKALINE PHOSPHATASE ACTIVITY 








UNIT | DEFINITION | EQUIVALENTS 
Bodansky 1 mg. of P/h/100 ml. 1.24 
King-Armstrong 1 mg. of phenol/30 min./100 ml. 2.60 
Nitrophenol 1 mM of nitrophenol/h/1,000 ml. 0.69 
New method 1 uM of phenol/h/ml. 1 








ease of the latter one, the pH of the buffered substrate is below the optimum 
(9.3 to 9.35 instead of 9.8). The ratios may be significantly different in the 
ease of alkaline phosphatases other than that of human serum (unpublished 
data). No direct comparison between the phenolphthalein unit and the other 
units is possible because the relationship between the amount of phenol- 
phthalein liberated and the amount of enzyme is not rectilinear. 

The phosphatase activities of fifty-one unselected human sera were de- 
termined by the new method. The range of normal values at alkaline pH 
was from 2.3 to 6.6 »M/milliliter. Four sera from patients with obstructive 
jaundice read 9.2, 12.6, 13.4, and 16.2 »M/milliliter respectively. The range 
of values at acid pH was from 0.64 to 1.48 »M/milliliter. 

Esterase (Iipase).—Techniques utilizing the Warburg apparatus are ob- 
viously not suitable for the purposes of a clinical laboratory; those based on 
titration of acid liberated’ *' are not sensitive enough; the results of the stalag- 
mometric method’? do not lend themselves to a strict quantitative evaluation. 
The first colorimetric method sufficiently sensitive and simple to be used in the 
clinical laboratory is the p-nitrophenol ester method of Huggins and Lapides."* 
Its disadvantage is the lability of the substrate, necessitating the frequent 
preparation of fresh solutions and the running of the test at a nonoptimal pH. 

The method to be described utilizes phenyl benzoate as a substrate. This 
ester is crystalline, available practically phenol-free,* and fairly stable both in 
aleoholic and aqueous solutions. Fatty acid esters (acetate, propionate and 
butyrate) of phenol were found to contain significant amounts of free phenol 
which it was impossible to remove. Phenyl benzoate is only very slightly soluble 
in water (about 40 mg./1 at 23° C.) but, as will be shown, the saturated solu- 
tion is entirely satisfactory for the measurement of esterase activity within 
wide limits. 

Phenyl benzoate is readily hydrolyzed by both lipase and esterase as shown 
in Table IV. The rates of hydrolysis of methyl butyrate and of Tween 20 were 
determined by the following adaptations of the author’s methods for choline 


*Eastman No. 632. 
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esterases :** there was a replacement of substrates (methyl butyrate, 0.01 M; 
Tween 20, 0.25 per cent); in addition, instead of using prostigmine, enzymatic 
activity was stopped by immersing the tubes in ice-cold water. To the blanks 
the enzyme was added just before titration or turbidimetric reading. Gelatin 
was omitted from the CaCl, solution because it caused a turbidity with Tween 
20. Hydrolysis of olive oil was determined by titration in 80 per cent alcohol. 


TABLE IV. RATES OF HYDROLYSIS OF VARIOUS SUBSTRATES BY LIPASE AND ESTERASE 


(Enzymes: 1:10 homogenates of guinea pig pancreas and liver, and human serum. Activities 
expressed in uM of acid liberated by 1 ml. in 1 hour.) 








LIPASE 
SUBSTRATE ESTERASE (LIVER) (PANCREAS ) SERUM 


Olive oil None 165 None 
Tween 20 46 116 8 
Methyl butyrate 600 190 45 
Phenyl benzoate 440 126 41 








The dependence of the rate of hydrolysis on pH is shown in Table V. The 
optimum is between 6.0 and 6.5 which value is considerably lower than in the 
case of most other substrates (around pH 8). 


TABLE V. EFFECT OF PH ON RATE OF HYDROLYSIS OF PHENYL BENZOATE BY PANCREATIC 
LIPASE 
nzyme: rmour’s pancreas powder Suspension, dilute 250; uffer: tris(hydroxy- 
Enzy A ’s p powder, 1 p , diluted 1:50. Buff t hydroxy 
methyl) -aminomethane-maleate.14) 








pH | 50 | 55 | 60 | 65 | 
ug of phenol/h 11 13.5 15.5 15 








Hydrolysis is proportional to time for at least two hours, provided not more 
than 30 per cent of the substrate (equivalent to 28 wg of phenol in a 5 ml. 


sample) is used up (Table VI). 


TABLE VI. COURSE OF HYDROLYSIS IN TIME 
(Enzyme: human serum, diluted 1:150.) 








TIME (MIN.) | 10 | 20 | 30 | 40 {| 50 | 60 |= 80 
ug of phenol 1.8 3.9 6.0 7.8 9.7 11.6 17.4 








Provided not more than 30 per cent of the substrate is split in the course 
of the experiment, there is a linear relationship within wide limits between the 
amount of enzyme and the rate of hydrolysis (Table VII). 


TABLE VII. Errect oF ENZYME CONCENTRATIONS 
(Enzyme: as in Table V.) 








. Enzyme dilution 500 250 200 # 100 50 25 20 16 

. Relative amounts of 2 4 5 10 20 40 50 63 
enzyme 

. ug of phenol/h 06 18 22 43 %&84 166 21.2 25.4 

. wg of phenol/relative 0.30 0.45 0.44 0438 0.42 0.41 042 0.40 0.39 
amounts of enzyme 
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METHOD 


Reagents.—1. Phenyl benzoate stock solution. Dissolve 2 Gm. of phenyl 
benzoate in 100 ml. of methanol. This solution will keep in the refrigerator 
indefinitely. 

2. Phosphate buffer, 0.1 M, pH 6.3. Dissolve 5.35 Gm. of Na,.HPO,.12H,O 
and 7.0 Gm. of NaH.PO,.H.O in 1,000 ml. of water. 

3. Buffered substrate: into 500 ml. of buffer blow 1 ml. of substrate stock 
solution. Stir. Keep in the ice box. The buffered substrate will undergo 
very slow hydrolysis, producing slightly colored blanks, but will remain 
usable for about two weeks. Shake before use because some of the ester will 
precipitate in the cold. 

Determination of esterase activity—To 5 ml. of prewarmed buffered sub- 
strate add 1 ml. of enzyme (serum dilution 1:200; gastric juice 1:25, and so on). 
Procedure is otherwise identical with that for phosphatases. 


RESULTS 
The esterase activity of fifty-one human sera and of 242 gastric juices was 
determined. The range in the sera was between 14.5 and 41.2 »M/milliliter in 
forty-eight cases out of fifty-one. Three cases had activities of 52, 47.5, and 
54 »wM/milliliter, respectviely. The first two were cases of diabetes, and the 
third one was a psychiatric case. In three cases parallel determinations of 
serum esterase activity by Huggins and Lapides’ p-nitrophenol propionate 
(PNPP) method’ and the new method were done. It was found that 1 PNPP 
unit was equal to 0.3 »M/milliliter according to the new method. 
The range of concentration of enzyme in gastric juices corresponded to 
1.2 and 200 »M/milliliter, 220 out of 242 cases having an activity lower than 
40 »M. Gastrie juices containing gross bile were especially numerous among 
eases with very high activities, indicating regurgitated intestinal and pan- 
creatic juice as the possible source of the excess enzyme. On the other hand, 
many juices containing gross bile showed low activities. Table VIII shows the 
statistical distribution of esterase activity in gastric juices. 


TABLE VIII. DISTRIBUTION OF ESTERASE ACTIVITY IN GASTRIC JUICES (242 CASES) 








OVER 
RANGE (“M/M1) 2-6 - 10-20 20-30 30-40 40-50 50-70 70-100 100 
Number of cases 101 40 14 2 3 8 10 
Gross bile 24 18 6 4 None 1 6 6 








There is a marked irregularity in the shape of the frequency distribution 
eurve between 30 and 70 micromoles. For this reason, the cases showing 
activities over 70 »M were analyzed separately in respect to diagnosis. Nine 
patients had no demonstrable gastric lesions; five of them had normal acid 
ralues, and four were anacid. Of the remaining nine, two had ecareinoma of 
the stomach, six had duodenal ulcers treated by x-ray irradiation (five anacid, 
one normacid), and in one the diagnosis was atrophic gastritis with achlor- 
hydria. As far as the relationship between acid values in general and esterase 
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activity is concerned, Fig. 1 shows a seattergram of eighty-two cases, selected 
at random from.all ranges of acidity and esterase activity. Except for the 
fact that very high activities are almost invariably associated with low acid 
values or with anacidity, there is no apparent correlation between acidity and 
esterase activity of gastric juice. 

a 


and over 
90 


10 «+ 


O see . . eee ° ef 
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 


and over 
Esterase activity 


Fig. 1.—Relationship between free acid values and esterase activity. 


SUMMARY 


A new and simple azo dye method for the determination of phenol, phos- 
phatases, and esterase in biologic material is described. Range of phosphatase 


and esterase values, as determined with the new method, is given. 
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A SIMPLE METHOD FOR THE DETERMINATION OF FECAL FAT 
AND FATTY ACIDS 


JosePpH L. ZUCKERMAN, MICHAEL C. ZyMaris, B.S., AND 
SAMUEL NaTELsoNn, PH.D. 
BROOKLYN, N. Y. 


N CLINICAL diagnosis of sprue,’ celiac syndrome,? and cystic fibrosis, fecal 

fat determinations are often of value. The most commonly used methods 
are those of Kaye*® and Tidwell and Holt.*| The Tidwell and Holt method is 
time consuming, requiring 200 ml. of solvent which must be evaporated to dry- 
ness on a steam bath. The Kaye method is even more tedious and requires 
eleven hours of extraction. 

In the new method which we present here a result may be obtained within 
two and one-half hours after the stool is dry. This procedure is particularly 
applicable to routine hospital determinations in that forty determina- 
tions may easily be carried out in one working day. 

We have found that stool may be dried to constant weight at 60° C. over- 
night. An advantage of drying at 60° C. is that no objectionable odors are 
evolved. At 100°.C. some pyrolysis takes place as indicated by the acrid odors 
given off. Drying at 60° C. may therefore be done in an electric oven without the 
use of a hood. By homogenizing the stool and taking approximately a 2 Gm. 
sample which is spread on the bottom of a 50 ml. beaker or Petri dish, approx- 
imately forty samples may be dried in a standard electric incubator at one time. 
Where the original sample is small, as for infants, the stool is collected in shal- 
low, wide-mouth jars which are placed directly in the 60° oven. 

The dried stool is pulverized and samples are weighed into test tubes. 
To the test tube is added dilute HCl to free the fatty acids from the soaps and 
a petroleum ether-diethyl ether mixture to extract the lipids. One drop of 
ethyl aleohol is also added. This serves to prevent the mixture from emulsify- 
ing when shaken. The extraction is now accomplished by shaking in a stand- 
ard shaking machine on which has been mounted a special carrier designed 
to accommodate large numbers of tubes. This carrier has been previously 
deseribed.> The tubes are then centrifuged and the ether mixture is aspirated 
off. This process is repeated. The combined extracts are evaporated to dry- 
ness and weighed. Studies have shown that by these two extractions 98 to 
99 per cent of the fat is extracted. Further extractions are therefore unneces- 
sary for routine determinations. 

If free fatty acid determinations are desired, alcohol is added to the ex- 
tracted lipid and the solution is titrated with alkali. Thus, by this method 
both total fat and fatty acids may be determined at the same time. Recoveries 
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were made up by dissolving one part of stearic acid in two parts of molten 
lard; 185 mg. of this mixture were added to 500 mg. of dried stool. Table I 
summarizes the results of ten such recoveries. 


TABLE I. RECOVERY OF FAT AND Fatty ACID ADDED TO TEN SAMPLES OF DRIED STOOL 








AVERAGE 
WEIGHT OF DRIED | WEIGHT OF TOTAL FAT RECOVERED DEVIATION 
STOOL SAMPLE FAT EXTRACTED FAT ADDED (MEAN) FROM MEAN 
(MG. ) (MG. ) ( MG.) (MG. ) (%) 
500 133 185 185 +0.40 


MEAN TITRATION 
OF FAT EX- 
TRACTED FROM MEAN TITRATION | MEAN TITRATION | AVERAGE DEVIA- 
STOOL OF FAT ADDED OF FAT TION FROM 
(0.1IN NaoH) (185 Me.) RECOVERED MEAN TITRATION 


2.49 ml. 1.79 ml. 1.78 ml. +0.03 ml. 




















Table II shows typical results obtained in normal adults and children. 


TABLE II. PER CENT Fat IN STOOLS OF NORMAL ADULTS AND CHILDREN 








WEIGHT OF FAT WEIGHT OF FAT 
RECOVERED | PER CENT RECOVERED PER CENT 
FROM 500 MG.| FATIN FROM 500 MG. FAT IN 
AGE OF STOOL DRY AGE OF STOOL DRY 
CASE (YR. ) (MG.) STOOL CASE (YR.) (MG.) STOOL 
2 48 9.6 10 5 99 19.8 
40 76 15.2 A i 63 12.6 
36 84 16.8 12 2 98 19.6 
i 99 19.8 13 52 94 18.8 
53 128 _ 25.6 14 21 64 12.8 
20 29 5.8 15 50 93 18.6 
5 111 22.2 16 5 104 20.8 
35 56 11.2 17 34 47 9.4 
45 32 6.4 18 25 33 6.6 





il 
2 
3 
4 
5 
6 
7 
8 
9 





REAGENTS 


1. Hydrochloric Acid (1N).—Made up by diluting the concentrated acid 
(12N) to twelve times its volume with water. 

2. Petroleum Ether-Ether Mixture 1:1—Made by mixing equal quantities 
of redistilled petroleum ether (boiling point 70 to 90°) and redistilled diethyl 
ether. 

3. Ethyl Alcohol 95 Per Cent (Redistilled). 

4, Sodium Hydroxide 0.1N.—This must be standardized daily against 0.1N 
standard sulfurie acid. 

5. Standard Fat for Recovery—To 8 Gm. of lard melted at 100° C. were 
added 4 Gm. of stearic acid. The mix was stirred until homogeneous and al- 
lowed to cool. The solid fatty mixture was dissolved in benzene and dried 
over CaCl, overnight. The CaCl, was filtered off and the benzene was evapo- 
vated off under vacuum. The residue was brought to constant weight in a 
vacuum desiceator. 
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PROCEDURE 


The total stool or approximately 2 Gm. of the homogenized stool are dried 
in a beaker by placing it in an electric oven at 60° C. overnight. Duplicate 
500 mg. samples are weighed into clean, dry 15 ml. test tubes with either 
ground glass or Tygon stoppers. To each tube is added the following: 


5 ml. IN HCl 
5 ml. petroleum ether-ether mixture 
1 drop 95 per cent ethyl alcohol 


The tubes are carefully stoppered and shaken for twenty-five minutes in a 
shaking machine. 

The Tygon stoppers are constructed by sealing both ends of a short piece 
of glass tubing (8 mm. outside diameter, 1.5 em. in length). The sealed tube 
is inserted into a piece of Tygon tubing (outside diameter 1.5 em., length 
1.7 em.). These stoppers are then extracted with petroleum ether to remove 
any possibility of fatty materials being present. This should be repeated 
each time the stoppers are used. 

After the tubes have been shaken, they are centrifuged at 2,500 revolu- 
tions per minute for fifteen minutes. The contents of the tube should then 
appear as in the following description. The bottom of the tube contains a 


sediment. Above’ this sediment is the aqueous layer and above this is most 
often found a layer of nonfat material in the form of a button. In the event 
that there is an emulsion formed at the interface of the aqueous and ether 
layer, add a few more drops of alcohol, shake thoroughly, and recentrifuge. 
Above the button of nonfat material is found the layer of ether mixture. The 
formation of the button facilitates the removal of the ether layer. 


The ether mixture layer is now aspirated off into a weighed beaker, care 
being taken to avoid contamination of the ether layer with the aqueous layer. 
Five milliliters of the ether mixture are again added to the tube. The tube 
is placed again in the shaking machine and centrifuged as before. The ether 
from the second extraction is added to that of the first and the mixture is 
evaporated to dryness on a steam bath. The beaker containing the residue 
from the drying of the ether is now brought to constant weight in a vacuum 
desiccator and weighed. A blank is run in similar manner without added 
stool. The blank should be negligible. If more than 0.2 mg. of residue is 
obtained the solvents need to be redistilled. 


If free fatty acid determinations are desired, 10 ml. of ethyl aleohol are 
added to the beaker and it is heated to just below the boiling point of the 
aleohol. This dissolves the fats and the solution is titrated with 0.1N NaOH 
while still hot. A blank consisting of 10 ml. of aleohol is titrated at the same 
time. The indicator used for both titrations is a 1 per cent solution of 
phenolphthalein in aleohol. If the equipment is available, electrometrie titra- 
tion may be substituted. 
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CALCULATION 


1. Weight of beaker and fat — weight of beaker = Weight of fat 


9 Weight of fat 
' Dry weight of stool sample 


x 100 = Per cent fat in stool 





(Titration of fat — titration of blank) 
x normality x 268 x 100 


Weight of fat in milligrams 


In the third equation the number 268 is derived from the average 
molecular weight of fatty acids assumed by Tidwell and Holt.‘ 


= Per cent fatty acids in fat 





DISCUSION 


The method described requires no special equipment other than a means 
of shaking large numbers of test tubes simultaneously. In this manner de- 
termination of stool fat can be used with greater frequency as a diagnostic 
aid even in laboratories possessing limited equipment. Further, large numbers 
of determinations may be done simultaneously without the necessity of handling 
cumbersome equipment. No separatory funnels or Soxhlet extractors need be 
used. 

From Table I it can be seen that the results as obtained on recoveries 
indicate an accuracy in the order of the more tedious methods. 

Table II lists results on normal adults and children. These results are 
comparable to those previously reported on normal individuals.* 

The method describes the determination of total fatty acids and total fat. 
No attempt to fractionate neutral soaps was made for it has been shown that 
the amount of free fatty acid as compared with neutral soaps varies with the 
method of drying the stool.? Kaye, by a mild method of drying, was able 
to get a higher percentage of free fatty acid for less was converted to ealeium 
soaps than by more severe heating. Furthermore, the ratio of sodium salts to 
fatty acids in stool is a function of the pH, as would be expected from the 
basie equation: 


Sodium salt of fatty acid 
Fatty acid 





pH = pK + log 


Thus, all the information required can be obtained from determinations of 
total fat, fatty acids, and pH. In our procedure the fatty acids are freed from 
combination with the alkali metals by shaking with the acid during the ex- 
traction. 

This method has been in use in our laboratories for more than a year. 
During that time it has shown itself to be practicable and easily learned by 
the average technician. 

SUMMARY 


1. A convenient method is described for the determination of fatty acids 
and fats in stool. 
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2. This method is simple, requiring no special equipment other than a 
shaking machine. 
3. The extraction is carried out in test tubes. 


REFERENCES 


. Milandes, F., Corbelo, A., Rodrigruez, A., Kouri, P., and Spies, T. D.: A Note on Bac- 
teriological and Parasitic Studies of the Intestinal Contents of Patients With 
Sprue, Rev. Gastroenterol. 7: 306, 1946. 

. Kramer, B.: Celiac Syndrome, Rev. Gastroenterol. 11: 256, 1944. 

. Kaye, I. A., Leibner, I. W., and Connor, E. B.: Apparatus for the Continuous Extrac- 
tion of Biological Materials and Its Application to Extraction of the Neutral 
Fat Fraction of Feces, J. Biol. Chem. 132: 195, 1939. 

. Tidwell, H. C., and Holt, L. E.: The Estimation of Total Lipids and the Lipid Par- 
tition in Feces, J. Biol. Chem. 112: 605, 1936. 

. Zuckerman, J. L., and Natelson, 8.: A Convenient and Rapid Procedure for Total 
Cholesterol Estimation Using an Acid Chloroform Extraction, J. Las. & CLIN. MED. 
33: 1322, 1948. 





SIMPLIFIED EQUIPMENT FOR DETERMINATION OF 
UROBILINOGEN IN URINE AND STOOL 


LAWRENCE E. Youn, M.D., R. WENDELL Davis, M.D., AND JANE HoGEstyn, B.A. 
RocHEster, N. Y. 


UMEROUS observers’ have in recent years stressed the usefulness of 

measurements of urinary and fecal urobilinogen in differential diag- 
nosis and in following the course of certain diseases. Watson and associ- 
ates* © have described a simplified method for determination of urobilinogen 
which is quantitated by using a comparator block with pontacyl dye standards. 
This method has found extensive use but verbal reports indicate that many 
laboratories have not employed the procedure because of difficulties in pre- 
paring comparator blocks with materials at hand. The purpose of-this paper 
is to describe the use of (1) a commercially available comparator block and 
(2) accessory equipment, employment of which further simplifies this pro- 
cedure. 

CONSTRUCTION OF EQUIPMENT 


A commercially available comparator block,* shown in Fig. 1, was adapted 
for use in estimating the Ehrlich reaction by inserting sealed vials of pontacyl 
dye solution in the designated places and sealed vials of distilled water in the 
alternate positions. The pontacyl dye standards were prepared according to 
the directions of Watson and co-workers‘ in such a way that their color 
densities corresponded to those developed in the Ehrlich reaction by the desig- 
nated concentrations of urobilinogen.® Flat-bottomed tubes in the comparator 
block have the same diameter as the vials containing water and pontacyl 
dye. Their capacity is 7 ml. and they have a single mark at 5 milliliters. 
Tubes and vials of larger diameter would provide greater accuracy in the 
lower range of density, but those here employed have the advantages of com- 
pactness and current availability. 

Several types of simplified pipetting equipment were subjected to in- 
tensive use by medical students in the hespital laboratory, and as a result 
of such trials the pipettes with attached rubber bulbs shown in Fig. 1 were 
deemed best suited for this purpose. The pipette used for measuring urine or 
feeal filtrate and that used for transferring Ehrlich’s reagent from bottle to 
tubes have single marks at 1.25 milliliters. The pipette used in measuring 
and transferring the solution of sodium acetate has a single mark at 2.5 
milliliters. 

From the Departments of Medicine and Pediatrics of the University of Rochester School 
of Medicine and Dentistry. 


The observations described in this paper were made in part in connection with a con- 
tract between the University of Rochester and the Office of Naval Research. 
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*The comparator block was obtained from the W. A. Taylor Company, Baltimore, Md., 
through the Will Corporation, Rochester, N. Y. As a result of the observations described in 
this report, the Will Corporation is now in a position to supply comparator blocks already 
filled with vials of dye standards and water. The accessory pipettes, rubber bulbs, cork 
stoppers, and widemouthed bottles are also procurable from the Will Corporation. (The 
catalogue number for the entire unit is 17185). The solutions of dye are stable, and if con- 
tamination and unnecessary exposure to light are avoided, the color densities should remain 
unchanged indefinitely.* 
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METHODS 


The equipment described is used as follows in determinations of uro- 
bilinogen by the methods of Watson and associates.* * 


Two-Hour Specimens of Urine-—A two-hour urine specimen is collected 
in the middle of the afternoon when urinary urobilinogen excretion is usually 
maximal. The patient voids at 2:00 p.m., discards the urine, drinks a glass of 
water, and voids at 4:00 p.m. The volume of the latter specimen is recorded 
and the Ehrlich reaction is measured within one-half hour after voiding. 





SATURATE 
SODIUM | 
ACETATE 























Fig. 1.—Comparator block and accessory equipment for measurement of urobilinogen. 


With the dropper pipette marked at 1:25 ml., this amount of urine is trans- 
ferred to each of the two 5 ml. tubes accompanying the comparator block. 
To one tube 1.25 ml. of Ehrlich’s reagent are added from the dropper bottle 
by use of the marked pipette. The contents are mixed by inversion and 2.5 
ml. of a saturated aqueous solution of sodium acetate are added without delay® 
and thoroughly mixed. To the other tube, which is to serve as the blank, 
the reagents are added to the urine in reverse order to prevent color de- 
velopment. First 2.5 ml. of the solution of sodium acetate are added and 
the contents are mixed thoroughly; 1.25 ml. of Ehrlich’s reagent are then 
added slowly with constant shaking. 

The blank and reaction tubes are placed in two adjacent openings in the 
comparator block and the sliding seale of dye standards is adjusted as neces- 
sary to bring the standard first selected for matching behind the blank and a 
vial of water behind the reaction tube as illustrated in Fig. 2. If the match 
of colors obtained by holding up the set in front of a light is not satisfactory, 
a stronger or weaker color standard is moved into position behind the blank 
until the best match is found. Interpolation may be made if it is evident 
that the color intensity lies between two of the standards. If the blank de- 
velops a pink color or if the intensity of the unknown is higher than that of 
the color standard corresponding to a urobilinogen concentration of 0.6 mg. 
per 100 ml. further dilutions of the urine should be made, that is 1:2, 1:4, or 
1:8, and so on, using the 1.25 ml. drawn-out pipettes to measure urine and 
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distilled water into any ordinary test tube. The total amount of urobilinogen 
for the two-hour period is calculated as follows: 


Coneentration of final Milliliters urine 
solution in milligrams 5 excreted in 2 hours 
per 100 ml. asdeter- * 795 * 100 
mined from match 
with standards 





x Any further = Ehrlich units 
dilution per 2 hours 


Example: 0.20 x 4 a = (0.60 Ehrlich units per 2 hours. 


Fig. 2.—Cut-away drawing of comparator block showing position of blank and unknown tubes 
in relation to tubes containing water and pontacyl dye standard. 


Normal adults usually excrete less than 1.0 Ehrlich unit during the two- 
hour afternoon period. Results are expressed in Ehrlich units rather than 
in milligrams because nonurobilinogen chromogenic substances may con- 
tribute to the color measured by this simplified method. 

If bilirubin is present in the urine it may interfere with the determination 
of urobilinogen, but in such eases the Ehrlich reaction can usually be ecar- 
ried out satisfactorily after merely diluting the urine with one or. two parts 
of water. Porphobilinogen, which is present in the urine of patients suffering 
from acute recurrent porphyria, produces a pink aldehyde compound with 
Ehrlich’s reagent, like that produced by urobilinogen. These two substances 
ean be differentiated readily, however, by adding a few milliliters of chloro- 
form to the reaction tube. The aldehyde compound of porphobilinogen re- 
mains in the aqueous fraction while that of urobilinogen is extracted by the 
chloroform, as shown by Watson and Schwartz.’ 


Feces—A 10 Gm. aliquot of a single well-mixed specimen is thoroughly 
ground with 90 ml. of water. This is most easily accomplished by use of a 
Waring Blendor,’ but an ordinary mortar and pestle will suffice. The fecal 
suspension is added to 100 ml. of freshly prepared 20 per cent solution of 
ferrous sulfate (20 grams FeSO,.7H.O + 92 ¢.c. H.O) in a 500 ml. Erlenmeyer 
flask. Unless the specimen is acholic, 100 ml. of water are added after first 
being used to rinse out the vessel, such as the Waring Blendor, used in pre- 
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paring the suspension. One hundred milliliters of 10 per cent NaOH are then 
added slowly and with gentle shaking to the mixture in the Erlenmeyer flask. 
The flask is stoppered and placed in the dark for one hour, or until the super- 
natant solution is nearly colorless, at the end of which time a small portion 
of the mixture is filtered. The Ehrlich reaction is carried out on the filtrate 
in the same manner as with urine. Dilution of the filtrate with water (most 
conveniently 1:10) is usually necessary unless the concentration of urobilino- 
gen in the stool is low. Calculation is carried out as follows: 


Concentration of final solu- - 9 ‘ ; ‘ 
sin ee ee 9 tae 400 (or 300) x Further = Ehrlich units per 


mantel: with. standanda LZ 10 dilution 100 Gm. feces 





Example: .45 x 4x * x 10 = 720 Ehrlich units per 100 Gm. feces. 

Normal adults excrete from 50 to 300 Ehrlich units per 100 Gm. of feces. 
For more accurate measurements of hemoglobin metabolism or of the degree 
of biliary obstruction, it is advisable to collect stools over periods of from 
two to four days and to determine fecal urobilinogen excretion per diem by 
use of the method of Schwartz, Sborov, and Watson® which includes extrac- 
tion with petroleum ether. The more elaborate method is also recommended 
for determinations of urobilinogen in twenty-four hour specimens of urine. 

Watson and co-workers‘ found that measurements of urobilinogen by use 
of the comparator block do not differ significantly from those made with a 
photoelectric colorimeter employing a 565 my filter. Our experience with the 
commercially available equipment has been equally satisfactory. Biologic 
variations, difficulties in collection of specimens, and the presence of chro- 
mogenic substances other than urobilinogen* undoubtedly affect the results 
of these determinations to a considerable extent. Errors inherent in the use 
of the comparator block for routine clinical purposes are therefore considered 
inconsequential. Since matching of densities of color is most difficult in the 
lower range (0.1 mg. per 100 ml. and below), it is advisable to use dilutions 
of filtrate if possible which will produce densities comparable to those found 
in the higher range on the block. 

In the Strong Memorial and Rochester Municipal Hospitals a comparator 
block and accessory equipment necessary for handling two-hour urine speci- 
mens are placed in each divisional laboratory. The more elaborate equipment, 
including corked tubes containing 20 Gm. amounts of ferrous sulfate for 
preparing feeal filtrates, is located in a central laboratory. This equipment, 
which is used by interns and medical students, is kept in sturdy boxes in 
order to minimize breakage and exposure to light and dust. The boxes are 
inspected frequently, missing items replaced, and smeared comparator standards 
are cleaned with a damp cloth. 


*Nonurobilinogen chromogenic substances are eliminated by the more elaborate method 
of Schwartz, Sborov, and Watson® in which stercobilinozen and mesobilirubinogen are extracted 
by petroleum ether from filtrates of urine or feces. In the present paper, stercobilinogen and 
mesobilirubinogen are considered collectively as urobilinogen.?® 
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The equipment described has proved most useful in making serial measure- 
ments on two-hour specimens of urine. Such determinations usually can be 
made in about two or three minutes, even by inexperienced personnel. Al- 
though the results are not strictly quantitative, they are much more easily 
interpreted than those obtained by the serial dilution method of Wallace and 
Diamond." 

SUMMARY 


A comparator block and accessory equipment for measurement of uro- 
bilinogen in urine and stool are described. This equipment has the advantages 
of commercial availability and simplicity. 
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A SIMPLIFIED VACUUM DEHYDRATION TECHNIQUE FOR THE 
PREPARATION OF SECTIONS BY FREEZING-DRYING 


K. J. WanG, M.S., anp M. I. Grossman, M.D., Px.D. 
Curcaco, ILL. 


HE technique of drying frozen tissue in vacuo at reduced temperature for 

the preparation of microscopic sections requires apparatus which is too 
elaborate and expensive to be employed in many laboratories (Gersh'). The 
procedure described below for the preparation of the frozen-dried sections in- 
volves a simplified method for dehydration which ean be applied at a consider- 
able economy of time and materials. 


I, APPARATUS (FIG. 1) 


1. A Ceneo-Supervae pump of the mereury vapor diffusion type (A). 
This pump operates by the application of heat from an electric heater (B) 
to the mereury in the boiler. (Method of use is described in the directions in 
Catalogue No. 93201 for the steel Supervae pump of the Central Scientific 
Company.) 

2. Forepump (C). The diffusion pump requires a forepump capable of 
keeping the pressure in the condensing chamber sufficiently low to insure 
vaporization of the mereury. The Ceneco Hyvae Pump, Catalogue No. 91105, 
is recommended for this purpose. These pumps are kept continuously function- 
ing during the period of dehydration. 

3. The Supervae pump and forepump are connected by a glass tube (K). 

4. Heater (B). The boiler of the pump should rest evenly in the cireular 
opening of the heater (B). The heater should be put into operation after the 
mereury pump has been evacuated by the forepump and after the cold water 
has been started circulating through the water jacket. 

5. The dehydration chamber (D) and the surrounding Dewar flask (F). 
A Pyrex test tube (D) (diameter, 2144 em.; length, 20 em.) was used as the de- 
hydrating chamber. Drierite (8 mesh) (CaSO,) was placed in the bottom of 
the dehydrating tube to a height of about 2 em. as a drying agent to pick up 
the water as it comes off in the vapor state (0). 

6. The connecting tube (2). <A eylinder made of copper gauze contain- 
ing a small amount of Drierite (P) was placed into the connecting tube (F) 
just before this tube was connected to the dehydrating tube D. 

7. The freezing trap (G) and the surrounding Dewar flask (/7). In order 
to prevent mereury vapor from backing into the system being exhausted, a 
freezing trap (@) between the Supervae and the connecting tube (EF) has been 
used. This trap was surrounded by a mixture of solid carbon dioxide (dry ice) 
and acetone within a Pyrex silvered widemouthed Dewar flask (#7), thus main- 

From the Department of Clinical Science, University of Illinois Medical School. 

Received for publication, Nov. 1, 1948. 


292 








oO 
Z 
= 
=) 
a=) 
a 
oS 
Zz, 
_ 
N 
& 
io 
fe 
i 
a 
ioe) 
7) 
Z 
fo) 
= 
H 
o 
qe 
mn 
x 
jo) 
Z 
j=) 
_ 
HB 
< 
fea} 
< 
ay 
Fe 
Ay 





‘a0B[d Ul SY¥SBVY AJBMZG YIM sSn}eIeddy ‘q 

‘UlaySAS 9Y} SulZeNOVAD 19}JV [100 YuedsS VB YIM SYBII IOJ po}se} vie puw od¥B} Jaqqni eBied YIM VspeUl 9IB SUOT}JD_UUOD ITV 
‘eaznesg Jeddoo ul owed ‘q ‘deaquivyo UOoTJeIpAYsp JO Wi0}}0q UI 9V}IIOIIG 
‘o ‘duind Aunoweut Jo yeayoue Jasuapuod s0J jJoeTINO AdIeVEM “J ‘duindsiojJ pue dwund Aunosswu Surjosuuo0d ‘aqn} Surljosuuo0D ‘YW ‘duind 
Ainoieut Jo Jayoee Jasuspuod AOJ Yoru 19a3VM ‘fF ‘duind Auanousui 0} ABI} Bulzesaij syoouUOD ‘aqn} SulyooUUOD ‘J ‘dei} Sulzeeij punod 
-Ins 0} yYsey aeMogd ‘H ‘dei} Suizooig ‘9 ‘slequivyo uolWeIpAysp puNnodins 0} Ysey sweMmod ‘WY “dei SulzaeIJ YM Jequieyo UOoTVZeIpAY 
-9p s}yoouUOD ‘aqn} SuljesUuUND ‘WY *aqn} 3803 xoiAg ®& JO Buljsisuod Jequivyo uoTZeIpAysq *‘Gq ‘duindsioy winnoea ‘9 ‘“duind Aanoaeut 

1OJ 290}80Y OtuyooTH ‘g ‘duind uoIsnjyip AunoJley{ ‘YP ‘3378S uszZOIJ 94} WOUJ Sensst}? SulAup sOJ snyeiedde psyijduig “‘y— TT “si 








294 WANG AND GROSSMAN 


taining a temperature of about —-80° C. One end of the freezing trap was con- 
nected to the connecting tube (Z), and the other end connected to the Supervac 
pump (A) by the connecting tube J. 

8. All the connections should be made with the greatest care. After wrap- 
ping with para rubber tape (Cenco Catalogue No. 94220) the joint is covered 
with pure white shellac. 

9. A high-frequency spark coil (Cenco Catalogue No. 80730) for testing 
vacuum assemblies for leakage was used after all the junctions were connected 
and the pumps had been started. Any leaks that were detected were repaired 
with additional rubber tape. 


II. METHOD 


1. Freezing. Tissue removed from the recently sacrificed animal was frozen 
in isopentane which was chilled in liquid air at —195° C. checked by a toluol 
thermometer. The isopentane should be stirred constantly to prevent it from 
becoming too viscous (Hoerr?). For most tissues dry ice and acetone (—80° C.) 
can be substituted for the liquid air in cooling the isopentane. 

2. Dehydrating. The frozen tissues were at once transferred to the drying 
tube (D), which had been cooled previously to —-80° C. by solid carbon dioxide 
in the Dewar flask (Ff). During the transfer of the block to the cold dehydrat- 
ing tube, the temperature of the block should not rise above -50° C. After all 
the blocks are transferred to the dehydrating tube, it is then connected to the 


connecting tube (EZ) by para rubber tape, the forepump (fF) is started and 
thirty minutes afterward the heater (B) of the mereury vapor pump (A) is 
turned on first starting cold water circulating through it at J. 


3. To maintain the temperature of the vacuum dehydrating tube (D) at 
a temperature below —21° C., we have used a very simple method. The method 
consists of surrounding the dehydrating tube with a Dewar flask (diameter, 
714 em.; length, 26 em.) containing a large amount of solid carbon dioxide 
and a sufficient amount (near 2 lb.) of dimethoxytetraglycol (Union Carbide 
and Carbon Corporation). Soon after mixing, this mixture will have a tem- 
perature of -80 to -60° C. The temperature of this mixture goes up gradu- 
ally and becomes stabilized at -31° C. in from eight to twenty-four hours. 
Onee the mixture reaches -31° C. it will maintain this temperature for a 
period of from two to three days. This property of dimethoxytetraglycol and 
dry ice mixtures was first pointed out by Wikoff.* The temperature should be 
checked with a toluol thermometer each day and a small amount of dry ice 
should be added’when the temperature rises above -31° C. An excess of dry 
ice should be avoided because it will bring the temperature below -31° C. and 
will prolong dehydration. Similarly a rise in temperature above —21° C. be- 
fore dehydration is complete should be avoided, because collapse of the tissue 
and unsatisfactory fixation will result. In practice we have found that a 
single addition of a sufficient amount of dry ice to reduce the temperature to 
-31° C. on the third day of dehydration will result in good fixation for most 
specimens. The total length of the dehydration period is usually five days. 
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After the addition of dry ice on the third day, the temperature of the bath 
surrounding the dehydrating chamber is allowed to rise gradually toward 
room temperature, usually reaching about —15° C. on the fifth day. 


4. Most of the water removed from the tissue during dehydration will be 
condensed in the freezing trap (G) and a part of the water in the dehydration 
tube is absorbed by the Drierite in the drying tube (0). Only a small portion 
of the water vapor is absorbed by the Drierite (P) in the connecting tube (£). 


Fig. 2.—Low-power photograph of the gastric mucosa of dog, frozen in isopentane at 
-195° C.; dried in our vacuum system at -31° C. Eight micron section, stained by Hotchkiss’ 
method (polysaccharide staining with periodic acid). Shows uniformity of fixation and 
dehydration. X<120. 


5. When the drying is completed, the Dewar flask (F’) surrounding the de- 
hydration chamber is removed and the electric heater on the mereury pump is 
turned off. The forepump is stopped about thirty minutes later. The dehydrat- 
ing tube (D) should be allowed to warm up to room temperature before the 
tissue is removed. Usually half an hour will be sufficient, so the dehydration 
chamber ean be opened at the time the forepump is turned off. 


6. Melted paraffin (58° C.) is added to a warmed Erlenmeyer flask and the 
dehydrated tissues are placed in it to be infiltrated with paraffin by evacu- 
ation of the air in the flask by an ordinary oil pump, similar to the procedure 
of Gersh.1 Embedding and cutting are done in the usual way. Fig. 2 is a 
photomicrograph of a section of dog’s stomach prepared by this method. 
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SUMMARY 


A simplified method for the preparation of tissue sections by the method 
of freezing-drying is described. The method utilizes the constant temperature 
(-31° C.) which a mixture of dry-ice and dimethoxytetraglycol will maintain 
over a long period of time as a means of holding the temperature of the tissue 
at a suitable level during dehydration. 
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STUDIES WITH COLLOIDS CONTAINING RADIOISOTOPES OF 
YTTRIUM, ZIRCONIUM, COLUMBIUM, AND LANTHANUM 


I. THe CHEMICAL PRINCIPLES AND METHODS INVOLVED IN PREPARATION OF 
CoLLOIDS OF YTTRIUM, ZIRCONIUM, COLUMBIUM, AND LANTHANUM 


JOHN W. Gorman, M.D., Px.D. 
BERKELEY, CALIF. 


INTRODUCTION 


OR a number of investigations, including fundamental studies of radiation 

effects on living tissues and therapeutic utilization of radioisotopes, it is 
valuable to have methods for the selective localization of radioisotopes in cer- 
tain tissues. Finely dispersed, anhydrous chromic phosphate has been found 
useful by Jones, Wrobel, and Lyons? in selectively irradiating the liver and 
spleen with P** beta particles. The present studies, reported in this and the 
following communication,* are concerned with methods for controlled selective 
localization of colloids (incorporating radioisotopes) in the liver, spleen, or 
bone marrow, and with an analysis of some of the factors involved in the 
phenomenon of localization. 


Choice of Elements for the Preparation of Colloids—The elements zir- 
conium, columbium, yttrium, and lanthanum are particularly suitable for the 
present investigations. First, it is possible to synthesize a variety of types of 
colloids incorporating radioisotopes of these elements. Second, there is avail- 
able for these elements a large number of radioisotopes of differing nuclear 
properties. This group includes isotopes of short, intermediate, and long half 
life, some of which emit only beta particles, some, only gamma rays, and 
others, both beta and gamma rays. Table I gives a description of the nuclear 
properties of the available radioisotopes. 


The Chemistry of the Preparation of Colloids of Zirconium, Yttrium, and 
Lanthanum.—Several types of colloids of the elements zirconium, yttrium, and 
lanthanum, varying in sign of charge, stability toward floceulation by added 
electrolytes, chemical structure, and particle size, may be prepared. As is 
shown in the following communication, both the disappearance rate of such 
colloids from the blood stream of animals following intravenous injection and 
the site of uptake of the colloids ean be made to vary through wide limits by 
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TABLE I. RADIOISOTOPES OF YTTRIUM, ZIRCONIUM, COLUMBIUM, AND LANTHANUM®5 








ENERGY OF RADIATIONS IN MEV 
ELEMENT : TYPE OF DECAY GAMMA 
Yttrium 

Y90 hr. B-; no y : None 

Y91 57 days B-; no y P None 

Yss days K-capture; y 0.95 
1.92 











Zirconium 
Zr%5 days B-; 73 
Zr97 hr. B-; (0.92) ? 


7 E 
Zr89 hr. B+ (2) ¥ 2. 8 





Columbium 
Cb85* 90 hr. I.T., e-, x-rays -: 0.2 (?) 
Cb95 35 days B-3 ae | (Highly converted) 
0.75 





Lanthanum 
Lail4o 40.0 hr. B-; ¥ 0.90 (20%) 0.3385 ( 1%) 
(70%) 0.49 ( 7%) 
(10%) 0.83 (14%) 
1.63 (74%) 
2.3 ( 4%) 
Note: None of the isotopes of half life less than 17 hours have been listed. All those 
described in this table are available from Oak Ridge or from cyclotron bombardment. 


. Symbols ; _B-, Electron emission; B+, positron emission; K, K-electron capture; I.T., 
isomeric transition; e-, conversion electron emission. 

















alterations in the nature of the colloidal aggregates. The chemical principles 
involved and the methods used in the preparation of several of the colloids 
used in this work are given below. 


A. Preparation of Zirconium Colloids of ‘‘Relatively Large’’ Particle Size: 


1. Zirconium oxide peptized in dilute nitric acid. Owens? has shown that 
freshly precipitated hydrated zirconium oxide may be resuspended in dilute 
nitric acid (insufficient stoichiometrically to dissolve the hydrated oxide) to 
produce positively charged colloidal zirconium oxide. The effective peptizing 
agent is probably the zireconyl ion produced by the reaction of the zirconium 
oxide with hydrogen ions. 


Preparation: 0.5 ml. of 0.1M zirconium oxychloride solution (containing 
Zr® or Zr®® tracer) is titrated to the phenol red end point with dilute sodium 
hydroxide, resulting in the quantitative precipitation of the zireonium. The 
hydrated oxide precipitate is centrifuged out, the supernate being discarded. 
The precipitate is suspended in 2.5 ml. of 0.02M nitrie acid and then shaken 
twelve hours in a mechanical shaker to peptize the zireonium oxide. Follow- 
ing this the mixture is centrifuged three minutes at ~500 G. The supernate 
from this centrifugation is the final colloidal solution. This sol is visibly 
cloudy, demonstrates a bright Tyndall effect, is polydisperse, and of such 
particle size that the majority of the suspended zirconium is sedimented in 
ordinary centrifuges at ~2,000 G@ in sixty minutes. Before use in biologic 
experiments this sol is mixed with an equal volume of 10 per cent dextrose 
solution to render it approximately isotonie, 
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2. Zirconium phosphate in dilute disodium acid phosphate. 

Preparation: 0.1 ml. of 0.1M zirconium oxychloride is mixed with 2.3 ml. 
of 5 per cent dextrose solution and to this mixture is added 0.1 ml. of 0.6M 
disodium acid phosphate. There results a turbid sol which demonstrates a 
marked Tyndall effect on illumination. No evident flocculation of the colloid 
occurs even after thirty minutes of heating at 100° C. 

Glucose is present for the purpose of rendering the sol nearly isotonic, 
since 0.9 per cent saline solution produces immediate flocculation of the col- 
loidal zirconium phosphate. Should foreign ions flocculate the colloid, re- 
peated extraction of the precipitate with the original volume of 5 per cent glu- 
cose solution containing disodium acid phosphate (0.024M) results in colloidal 
resuspension of the zirconium phosphate. 

3. Zirconum oxide peptized in sodium lactate solution. 0.5 ml. of zir- 
conium oxychloride solution is titrated to the phenol red end point with dilute 
sodium hydroxide, the hydrated zirconium oxide centrifuged out, and the 
supernate discarded. The precipitate is suspended in 2.5 ml. of 0.008M sodium 
lactate solution and shaken twelve hours to peptize the hydroxide. Centrifuga- 
tion for three minutes at ~500 G@ removes the largest aggregates, leaving 
a supernatant sol that is visibly cloudy and shows a marked Tyndall effect. 
The mechanism probably operative in production of this type of colloid, 
namely zirconium-lactate complex-ion formation, is fully discussed in the next 
section. This colloid is mixed with an equal volume of 10 per cent dextrose 
solution before being used in biologie experiments. 

B. Anionic Colloids of Zirconium and Yttrium of Varying Particle Size: 
Zireconyl ions form complexes in aqueous solutions with tartrate, lactate, and 
citrate ions of such stability thermodynamically as to prevent precipitation of 
the insoluble hydrated zirconium oxide even at relatively high hydroxide ion 
concentrations. Yttrium ions form complexes having similar properties with 
citrate ions. 

It has been shown by Owens and Thomas’ that the addition of such salts 
as sodium citrate, tartrate, or lactate to zirconium oxide hydrosols produces 
a marked rise in the pH of the hydrosol. This effect is attributed by them to 
the penetration of the micelles by the organic anions with replacement of 
hydroxide ions from the micelle, resulting in an inerease in the free hydroxide 
ion concentration in the solution. Owens? has interpreted the conversion of 
positively charged hydrosols of zirconium oxide to negative sols in the pres- 
ence of added citrate, tartrate, and lactate ions in the light of the above-de- 
seribed complex ion formation, and has shown further that by increasing the 
concentration of the complexing ion the colloidal aggregates may be broken 
down to particles diffusible through collodion membranes. 

In our study of the zireonium-hydroxide-lactate (or tartrate, citrate) and 
of the yttrium-hydroxide-citrate systems it has been found that, at a particu- 
lar pH (e.g., 7.0), by controlled variations of the mole ratio of complexing 
ion to metal ion added to the solution, aggregates are obtained from the ex- 
treme of rapidly sedimenting macroparticles through smaller and smaller 
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TaBLE II. VARIATIONS IN CHEMICAL COMPOSITION AND PartTICLE SIZE IN THE YTTRIUM- 
HYDROXIDE-CITRATE SYSTEM WITH CHANGES IN THE MOLE RATIO OF 
YTTRIUM TO CITRATE AT PH — 7 


[Total Volume = 10 ml. Final pH ~ 7.0 (Phenol Red End Point) | 














HYDROXIDE 
YTTRIUM* | CITRATEt ( MILLI- 
( MILLI- (MILLI- |HYDROXIDE| MOLES) 
MOLES) MOLES ) (MILLI- |BOUND PER} APPEARANCE OF SOLUTION IN THE FIRST 
TOTAL TOTAL MOLES) |MILLIMOLE THREE HOURS AFTER 
PRESENT | PRESENT BOUND YTTRIUM TITRATION 


0.2 0.0 0.03 0.15 
0.2 0.025 0.15 0.70 Rapidly sedimenting precipitate with 
0.2 0.05 0.22 i clear supernate 
0.2 0.07 0.22 1.1 Rapidly sedimenting precipitate with 
clear supernate 
0.2 0.08 0.22 at Rapidly sedimenting precipitate with 
clear supernate 
0.2 0.09 0.23 Rapidly sedimenting precipitate with 
clear supernate 
0.10 0.28 1.4 Slowly sedimenting precipitate with su- 
pernate showing moderate Tyndall 
effect 
0.015 0.19 0.95 Very slowly sedimenting precipitate with 
0.125 0.18 0.90 supernate showing marked Tyndall 
effect 
0.138 0.18 0.90 Intense Tyndall effect in supernate with 
minimal quantity of very slowly set- 
tling precipitate 
11 0.15 0.18 0.90 Moderate Tyndall effect; no precipitate 
12 0.20 0.15 0.75 Faint Tyndall effect; no precipitate 
13 0.25 0.10 0.50 Clear solution; no precipitate 
14 _ 0.30 0.062 0.31 Clear solution; no precipitate 

0.35 0.035 0.18 Clear solution; no precipitate 
16 ‘ 0.40 0.013 0.065 Clear solution; no precipitate 
17 , 0.45 0.0084 0.042 Clear solution; no precipitate 
18 of 0.50 0.0056 0.028 Clear solution; no precipitate 
19 2 | 0.55 0.0016 0.0080 |Clear solution; no precipitate 
20 | : | 0.60 0.00 0.000 Clear solution; no precipitate 























*Added as a ‘solution of yttrium nitrate in water. 

yAdded as sodium citrate solution. 

From the data in Table II it is seen that on reaching the ratio citrate/yttrium = 3, there 
is no hydroxide bound by yttrium. As would be expected from equilibrium considerations this 
continues to be the case at even higher citrate/yttrium ratios. 
particles to aggregates whose sols (or solutions): no longer give a Tyndall 
effect. In any one of these preparations, the number of moles of hydroxide ion 
bound per mole of metal (zirconium or yttrium) varies with the number of 
moles of complexing ion present. Table II gives the titration values (moles 
hydroxide bound per mole yttrium) for yttrium in the presence of various 
total quantities of citrate ions (bound plus free) at pH 7. At the mole ratio 
yttrium/citrate — 2, and at pH 7, where 1.4 moles of hydroxide are bound 
per mole of yttrium, one obtains rapidly sedimenting macroparticles. As the 
citrate/yttrium mole ratio is raised, the number of moles of hydroxide bound 
per mole of yttrium decreases sharply, and simultaneously the aggregate size 
drops from particles sedimenting rapidly, through those sedimenting more and 
more slowly, then through those whose sols show an intense Tyndall effect 
without sedimentation at fields of ~ 2,000 G down to those whose sols (or 
solutions) produce no Tyndall effeet. Similar data for the yttrium-hydroxide- 
citrate system at a final pH of ~ 8.3 (phenolphthalein end point) are given in 
Table IT. 
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TABLE IIT. VARIATION IN CHEMICAL COMPOSITION AND PARTICLE SIZE IN THE YTTRIUM- 
HYDROXIDE-CITRATE SYSTEM WITH CHANGES IN THE MOLE RATIO OF 
YTTRIUM TO CITRATE AT PH = 8.3 
[Total Volume = 10 ml. Final pH ~ 8.3 (Phenolphthalein End Point) | 








HYDROXIDE 
YTTRIUM | CITRATE (MILLI- 
( MILLI- ( MILLI- HYDROXIDE MOLES ) 
MOLES ) MOLES ) (MILLI- |BOUND PER |APPEARANCE OF SOLUTION IN THE FIRST 
TOTAL TOTAL MOLES) | MILLIMOLE THREE HOURS AFTER 
PRESENT | PRESENT BOUND YTTRIUM _ TITRATION 

0.2 0.0 0.356 1.88 

0.2 0.025 0.392 1.96 |Rapidly sedimenting precipitate, with 
faint Tyndall effect in supernate 
0.2 0.05 0.344 72 |Rapidly sedimenting precipitate plus 
strong Tyndall effect in supernate 
0.2 075 0.300 No precipitate, liquid shows strong 

Tyndall effect 
: 0.278 No precipitate, no Tyndall effect in 
0.2 12: 0.268 liquid 
0.249 i. precipitate, no Tyndall effect in 

liquid 
0.246 . precipitate, no Tyndall effect in 
liquid 
0.239 precipitate, no Tyndall effect in 
liquid 
0.229 . precipitate, Tyndall effect in 
liquid 
0.232 . precipitate, Tyndall effect in 
liquid 
0.221 “! precipitate, Tyndall effect in 
liquid 
0.217 precipitate, Tyndall effect in 
liquid 
0.218 No precipitate, Tyndall effeet in 
liquid 
0.50 0.205. precipitate, Tyndall effect in 
liquid 
1.00 0.204 precipitate, Tyndall effeet in 
liquid 
4.00 0.188 R' No precipitate, Tyndall effeet in 
liqnid 


























On comparing data in Table II with that in Table III it is seen that the 
hydroxide binding to yttrium is much more stable at pH 8.3 than at pH 7.0, 
so that at the higher pH even with citrate/yttrium ratios of 20:1, there is 
still approximately 1 millimole hydroxide bound per millimole of yttrium. 
Further, on comparing the products obtained at any particular citrate/ 
yttrium ratio by raising the pH from 7.0 to 8.3, it is noted that in addition to 
changing the extent of hydroxide-yttrium binding, the particle sizes are 
smaller at pH 8.3 than at pH 7.0 (at least through the range of mole ratio 
of ecitrate/yttrium from 1:4 to 1:1). Qualitative experiments reveal that on 
still further raising the pH (i.e., above 8.3), a region is reached where the 
aggregate size begins again to increase with pII increase. 

It is evident from the above-mentioned data that it is possible to prepare 
colloidal sols whose particle sizes may be made to vary through a wide range 
by altering the citrate/yttrium mole ratio at a particular pH. Or, if a partieu- 
lar citrate/yttrium ratio is chosen, one ean vary particle sizes by altering the 
final solution pH. The aggregates obtained by the second of these procedures 
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are chemically different from those obtained by the first procedure, as is evi- 

‘dent from the increased hydroxide binding at pH 8.3 compared with that at 
pH 7.0. Colloids prepared on the basis of these data may be used to investi- 
gate both the effect of particle size and of chemical structure upon such 
physiologic properties as blood stream clearance, rapidity of phagocytosis by 
elements of the reticulo-endothelial system, and site of uptake of the colloids 
in vivo. 

In the case of zirconyl ions, in a system with hydroxide and citrate, tar- 
trate, or lactate, a set of data similar to those for yttrium may be obtained 
by varying the ratio of complexing ions to zireonyl ion at any particular pH. 
One factor which differs is that the reaction between zirconyl ions and hy- 
droxide ions at room temperature and above produces some bonds that, once 
formed, are very slowly broken by back titration. As a result, care must be 
exercised in preparing colloids of zireonium to add alkali slowly with ade- 
quate stirring, in the cold, to avoid such an oceurrence during the process of 
titrating to the desired final pH value. 

For several investigations described in the subsequent communication, 
colloidal preparations of zirconium and yttrium prepared according to the 
above-deseribed principles have been used. In the case of both these elements, 
the colloidal particles thus prepared are much smaller than those in the 
preparations described in the section on ‘‘relatively large particle size’’ 
colloids. These latter sols, prepared according to the following directions, 
show only a faint Tyndall effect, and the particles are nonsedimentible using 
the centrifugal fields obtainable with ordinary centrifuges (2,000 G). Studies 
are now in progress to obtain a quantitative measure of particle sizes in such 
preparations as well as information as to particle symmetry and the extent 
of polydispersity of the sols. For the present the designation of ‘‘relatively 
’ particles will be used without commit- 


, 


large’’ particles and ‘‘intermediate 
ment as to actual particle diameters. 

C. Preparation of Zirconium-Hydroxry-Lactate Colloid of ‘‘Intermediate”’ 
Particle Size: One milliliter of 0.4M zirconium oxychloride solution (contain- 
ing the desired zirconium radioisotope) is mixed with 1.2 ml. of 1.0M sodium 
lactate solution; 1 drop phenol red indicator solution is added, and the 
mixture diluted to 6.0 ml. with water. This solution is then titrated carefully 
with 1M NaOH to the phenol red end point, always maintaining the tempera- 
ture near 0° C. On heating this solution at 100° C. the indicator color reverts 
to yellow. After ten minutes at 100° C., the solution is cooled to 0° C. and 
again brought to the phenol red end point with NaOH. The alternate heating 
and cooling with repeated titration is continued until the end point (color) 
persists even after ten minutes of heating. This final solution is then diluted 
to 10-ml., heated at 100° C. for ten minutes, and cooled. During the course of 
the titration to the phenol red end point it is imperative to avoid additions 
of alkali while the solution is warm for reasons previously mentioned in the 
general discussion. Colloids prepared according to these directions maintain 
their original properties at least over a period of two months when stored in 
ordinary rubber-capped Pyrex vessels. 
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D. Preparation of Yttrium-Hydroxy-Citrate Colloids: 0.5 ml. of 0.2M 
Y(NO,); solution (incorporating the desired yttrium radioisotope) is mixed with 
0.16 ml. of 0.5M sodium citrate solution; 1 drop phenol red indicator is added, 
and the mixture diluted to 2.0 ml. with water. This solution is heated five min- 
utes at 100° C. A precipitate will form at this step, or before heating, but the 
procedure is carried on without separating the precipitate, which later resuspends 
spontaneously. The solution is then titrated with 1.0M NaOH to the phenol 
red end point. On reaching the end point the solution is heated at 100° C. for 
five minutes, cooled in ice water bath, and if the end point has faded, is re- 
titrated with sodium hydroxide. In contrast with the zirconium procedure, 
this retitration is necessary only once. The final solution is diluted to 4.0 
ml. and then heated one hour at 100° C. in a rubber-eapped Pyrex serum bottle. 
Such colloidal preparations show no change in appearance or biologie prop- 
erties over a period of four to six months. These colloids have been heated as 
long as eight hours at 100° C. without demonstrating any change in properties. 

E. Colloids of Lanthanum: Similar procedures have been utilized to prepare 
colloids in the lanthanum-hydroxide-citrate system, the qualitative details in 
this system being similar to those of the yttrium-hydroxide-citrate system, but 
with differences existing in the thermodynamic stability of the bonds involved. 
Since we have not yet studied the biologic properties of lanthanum colloids, 
the detailed chemical preparation is not given. 

F. Colloids Containing Columbium: In using the radioisotope Zr® (65-day 
half life), there is the problem of the 35-day Cb® daughter isotope to consider. 
A chemical separation of the two isotopes can be made, but of course the Cb*®* 
will soon regrow in the Zr®’ preparation. We have investigated the zirconium 
colloids described in this comnmniecation using the Zr*® isotope (with a stable 
yttrium daughter), and using equilibrium mixtures of Zr®? and Cb®. No 
quantitative differences in biologic behavior have been found, so that for these 
particular studies it appears that if the Cb® isotope (without carrier) is in- 
corporated into the zirconium ecolloid it shares the same metabolic fate as 
does the Zr® isotope. For this reason no separation of these isotopes need 
be made for the particular purposes described in the following communica- 
tions. 

SUMMARY 


1. For studies concerned with selective localization of radioisotopes in 

the bone marrow, liver, and spleen, colloids incorporating such isotopes are 
useful. 
2. Colloids of zirconium, columbium, yttrium, and lanthanum have been 
chosen for study of selective localization of colloids because of the availability 
of radioisotopes of a wide range of nuclear properties and beeause of the eom- 
parative ease with which controlled variations in chemical structure and 
particle size of colloids containing these elements may be made. 

3. The methods for preparing zirconium and yttrium colloids of various 
chemical types and ranges of particle size are deseribed. A discussion of some 
of the chemical principles of these preparative methods is given. 
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STUDIES WITH COLLOIDS CONTAINING RADIOISOTOPES OF 
YTTRIUM, ZIRCONIUM, COLUMBIUM, AND LANTHANUM 


II. THE CONTROLLED SELECTIVE LOCALIZATION OF RADIOISOTOPES OF YTTRIUM, 
ZIRCONIUM, AND COLUMBIUM IN THE BoNE Marrow, LIVER, AND SPLEEN 


Ernest L. Dosson, M.A., Joan W. Gorman, M.D., Pu.D., 
Harvin B. Jones, Pu.D., Lota S. Ketiy, B.A., anp LEonaRD A. WALKER, B.S. 
BERKELEY, CALIF. 


INTRODUCTION 


EVERAL workers have shown that certain colloidally dispersed materials 
S are removed from the blood stream by the liver and spleen. Jones, 
Wrobel, and Lyons' have utilized suspensions of anhydrous chromic phos- 
phate for the selective irradiation of the liver and spleen with P* beta 
particles. Gersh®? * demonstrated that colloidal caleium phosphate is taken 
up by the liver and spleen. He stressed the failure of Lone marrow phago- 
cytes to take up this colloid in rats and dogs (though he referred to possible 
uptake in the marrow of rabbits under special conditions) and commented on 
the relative ‘‘refractoriness’’ in general of the bone marrow as compared with 
liver and spleen with respect to the uptake of colloidal dyes from the blood 
stream. Some histologic data* indicate that Thorotrast (a colloidal thorium 
dioxide preparation) is deposited in the bone marrow as well as in the liver 
and spleen, but no quantitative data as to the relative distribution are avail- 
able. 

In the preceding communication* the methods for the preparation of col- 
loids incorporating radioisotopes of yttrium, columbium, and zirconium were 
given. The present studies are concerned with the localization of such colloids 
primarily in the bone marrow or primarily in the spleen and liver, with an 
analysis of some of the factors which may be responsible for differences in 
localization. 

A. Selective Localization of Radioisotopes of Zirconium, Columbium, and 
Yttrium in the Liver and Spleen.—Several different colloids have been studied, 
all of which show the common property of localizing in the liver and spleen 
of mice, rats, and rabbits. In every case the colloids having this distribution 
are those of ‘‘relatively large’’ particle size, sedimentible in large part in 
ordinary centrifuges. These sols are turbid and produce an intense Tyndall 
effect on illumination. Further, in general, for the colloids which localize in 
the liver and spleen, the disappearance rate of intravenously injected colloid 
from the blood stream is rapid, the blood colloid level decreasing approx- 
imately exponentially with time, the half time for blood clearance (and liver 
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TABLE I. DISTRIBUTION OF INTRAVENOUSLY INJECTED ZIRCONIUM COLLOIDS OF RELATIVELY 
LARGE PARTICLE SIZES IN MICE (ZR95 AND CB95 RADIOISOTOPES 
INCORPORATED INTO COLLOID) 








| ZIRCONIUM PHOS- ZIRCONIUM OXIDE 
ZIRCONIUM OXIDE PHATE IN DILUTE IN DILUTE 
IN DILUTE HNO, Na,HPO, SODIUM LACTATE 
(1) (2) (3) 
ORGAN (% INJECTED DOSE)|(% INJECTED DOSE)|(% INJECTED DOSE) 
Liver plus spleen* 97.3 90.8 95.0 
Lungs 0.6 0.9 Included with 
carcass 
Blood 0.4 1.8 0.7 
Entire remainder of carcass 
including bones | 1.7 4.5 

















(1), Mouse sacrificed six minutes after injection. 

(2), Mouse sacrificed three minutes after injection. 

(3), Mouse sacrificed five minutes after injection. 

*Data on many animals for spleen alone show uptakes varying between 1 per cent and 4 
per cent of injected dose. 


BLOOD STREAM DISAPPEARANCE FOR “RELATIVELY LARGE PARTICLE SIZE" COLLOID IN THE RABBIT 
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Fig. 1. 


.and spleen uptake) being in the neighborhood of 30 seconds to 1 minute. 
Representative distribution data for the three colloids—(1) zirconium oxide 
peptized in nitrie acid, (2) zirconium phosphate peptized in disodium acid 
phosphate, and (3) zirconium oxide in dilute sodium lactate—in the mouse are 
given in Table I. The preparative procedure for these colloids is given in the 
preceding communication. 





STUDIES WITH COLLOIDS CONTAINING RADIOISOTOPES OF Y, ZR, CB, AND LA 307 


In the ease of all of these colloids the blood disappearance curves show a 
small percentage (between 1 and 10 per cent) of more slowly clearing com- 
ponents in addition to that component having the T,; of 30 seconds to 1 min- 
ute. The methods of preparation for these sols are such that polydispersity 
of the sols is expected. Several types of experimental data lend support to 
the idea that the smaller particles in such polydisperse sols are responsible 
for the slowly clearing fraction. First, experiments have been performed, 
using the mouse, where a colloid having ~ 1 per cent of the total activity in 
the slowly disappearing fraction has been centrifuged to remove the larger 
particles. 


BLOOD STREAM DISAPPEARANCE FOR INTERMEDIATE PARTICLE SIZE 
COLLOID IN THE RABBIT 
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The supernatant colloid was then injected and was shown to have a 
slowly disappearing fraction of ~ 8 per cent. These data appear to support 
the idea that the smaller particles constitute the slowly disappearing frac- 
tion. Further experiments with a colloid of zireonium-oxide suspended in 
sodium lactate were done in the rabbit. Fig. 1 gives the blood disappearance 
eurve.* This particular preparation has an appreciable percentage of slowly 
clearing components in addition to the major fraction of very rapid blood 
clearance rate. 


*The rapid disappearance rate cannot be interpreted as simply due to mixing phenom- 
ena, since much evidence accumulated shows that in the rabbit mixing phenomena are of 
negligible proportions after one minute. The data used in Fig. 1 demonstrate rapid disap- 
pearance after this mixing period. Figs. 2 and 3 demonstrate that mixing phenomena do not 
result in an ‘apparently rapid disappearance curve at times after one minute following injection. 
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At two hours after injection (A, Fig. 1), when all the rapidly disappear- 
ing fraction had been cleared, serum was collected and the rabbit sacrificed. 
The serum containing the slowly disappearing component was injected into a 
second rabbit. The second rabbit was sacrificed after its blood had been 
cleared, and the tissue distribution of the colloid was determined. The data 


are given in Table II. 


TABLE IT 








ORGAN 


Zone plus marrow 


Liver 
Spleen 
Muscle 
Lungs 
Kidney 








DISTRIBUTION OF ZIRCONIUM 
COLLOID IN INITIAL RABBIT 
(INCLUDING RAPIDLY CLEARING 
FRACTION ) 

(% INJECTED DOSE IN 
ENTIRE ORGAN ) 


DISTRIBUTION OF ZIRCONIUM 
ACTIVITY IN ANIMAL INJECTED 
WITH SERUM FROM INITIAL 
ANIMAL 
(% INJECTED DOSE IN 
ENTIRE ORGAN ) 





—_ 9.3 
85.0 

3.2 

1.3 

1.0 

0.3 





43.0 
23.0 

3.0 
17.0 


14.4 
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It is seen that the liver received the major fraction of the rapidly clear- 
ing colloid, whereas the bone plus bone marrow received the major fraction 
of the slowly clearing colloid component. Thus in all the experiments tabu- 
lated (and in several others for similar colloids), where the colloidal particles 
are relatively large in size, sedimentible in large part even with ordinary 
centrifuges, producing sols that are turbid and demonstrate an intense Tyndall 
effect, we have found the blood clearance rate to be very rapid (T; = 30 see- 
onds to 1 minute) and the site of uptake of the colloid to be the liver and 
spleen primarily. From the magnitude of the blood clearance rate it is certain 
that much of the colloid is cleared in a single passage through the liver, so 
that for these colloids the rate of blood flow through the liver relative to that 
through the bone marrow probably plays a major role in securing localization 
of the colloid in the liver plus spleen rather than in the bone marrow. For 
chromie phosphate suspensions, also, it is now known that there is association 
of relatively large particle size, rapid blood clearance, and liver and spleen 
localization just as with the above-described zirconium colloids... The mech- 
anism responsible for the rapid uptake by the liver and spleen of relatively 
large particles is not yet clear, nor has the significance of factors other than 
particle size alone been evaluated in determining blood clearance rate and 
site of uptake of the colloids. 


B. Selective Localization of Radioisotopes of Zirconium, Columbium, and 
Yttrium Primarily in the Bone Marrow, and Secondarily in the Spleen and 
Liver.—As described in the preceding communieation, anionic colloids of zir- 
econium and yttrium may be prépared of much smaller particle size than those 
just shown to deposit primarily in the liver plus spleen. These colloids are 
of the zireconium-hydroxy-lactate and the yttrium-hydroxy-citrate type. In 
contrast to the rapid blood clearance of the ‘‘relatively large size’’ aggregates, 
these latter colloids of intermediate particle size are cleared much more slowly 
in the rabbit, rat, eat, and mouse, showing exponential deeay from the blood 
stream with half-times from 30 to 80 minutes (see Figs. 2 and 3), the colloid re- 
maining quantitatively in the plasma until cleared. In the rabbit, cat, and rat, 
the slowly disappearing colloids localize primarily in the bone marrow, with 
spleen and liver receiving the next highest quantity (all expressed on specific 
activity basis).* The distribution data in the rabbit for the zireonium- 
hydroxy-lactate colloid are given in Table IV and for yttrium-hydroxy-citrate 
colloid in Table III. In the case of zirconium and yttrium colloids which lo- 
ealize primarily in the bone marrow we find associated these features: (1) 
particle size much smaller than in those colloids localizing primarily in the 
spleen and liver (less pronounced Tyndall effect, noncentrifugibility with 
ordinary centrifuges) ; (2) slow disappearance from the blood stream (Ty — 30 
to 80 minutes contrasted with 30 seeonds to 1 minute for ‘‘liver and spleen”? 
colloids). 


‘ *In the mouse the liver and spleen take up the major fraction of the slowly disappear- 
ing colloids, although the bone marrow uptake is greater than for the “large particle’ colloids. 
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DISTRIBUTION OF INTRAVENOUSLY INJECTED YTTRIUM-HYDROXY-CITRATE COLLOID 
IN THE TISSUES OF THE RABBIT (‘‘INTERMEDIATE’’ PARTICLE SIZE) 
(Half-Time for Blood Stream Clearance = 70 min.) 
(Animal Sacrificed 18 hr. After Injection) 
(Y91 Tracer — 1.0 c.c. Injection) 


TABLE ITI. 








Jo OF INJECTED % OF INJECTED DOSEt 
DOSE IN ENTIRE PER GRAM OF TISSUE 


ORGAN ORGAN (SPECIFIC ACTIVITY ) 


Bone and marrow 35.0 0.07 
Bone (rib)* 0.21 
Bone (femur)* 0.11 
Marrow (rib) 0.45 
Marrow (femur) — 0.71 

Spleen 1.0 0.67 

Liver 45.0 0.22 

Kidneys 1.2 0.056 

Urine (first 18 hr. after injection) 3.6 a 

Gastrointestinal tract 2.4 0.013 





Heart 

Lymph nodes 
Muscle 

Testes 

Brain 

Lungs’ 


0.12 
0.54 
0.05 
0.02 
0.53 








0.057 
0.01 
0.0003 
0.006 
0.002 
0.02 





*It is difficult mechanically to remove all the marrow, so that bone specific activities al- 
ways tend to be falsely high when most of the colloid is in the marrow. 


_ ¢The specific activity is the really significant value for calculation of irradiation dose 
received by a tissue following localization. 


As was shown in the preceding communication, it is possible to prepare 
particles of different chemical composition (but of the same size range) by 


altering the final solution pH at a particular metal ion/complexing ion ratio 

in the yttrium-hydroxide-citrate system. With quantitative. measure of par- 

TABLE IV. DISTRIBUTION OF INTRAVENOUSLY INJECTED ZIRCONIUM*-HyDROXY-LACTATE COL- 
LOID IN THE TISSUES OF THE RABBIT 


(Half-Time for Blood Stream Clearance = 70 min.) 
(Animal Sacrificed 24 hr. After Injection) 








ORGAN 


% OF INJECTED DOSE 
IN ENTIRE ORGAN 


% OF INJECTED DOSE 
PER GRAM OF TISSUE 
(SPECIFIC ACTIVITY ) 





Zone and marrow 
Bone (femur) 
Marrow (femur) 
Spleen 
Liver 
Kidneys 
Heart 
Lungs 
Urine (first 4 hr. after injection) 
Muscle 
Lymph nodes (~ 60% of total) 
Gastrointestinal tract 
Thymus 
Pituitary 
Adrenals 
Brain 
Eyes 





44.0 


1.3 
37.0 
2.7 
0.09 
0.04 
3.2 
1.2 
0.5 
3.0 
0.025 
0.001 
0.002 
0.01 
0.1 





0.11 
0.03 
0.84 
0.65 
0.28 
0.15 
0.045 
0.022 
0.0007 


0.018 


0.0014 
0.014 





*A mixture of Zr® and Cb® radioisotopes was used in preparation of this colloid. The 
distribution data differed in no significant details from that for Zr,5® a positron emitter, the 
yttrium daughter of which is stable, indicating that he Cb® radioisotope shares the metabolic 


fate of the zirconium colloid. 
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ticle sizes of these types, it is planned to try to gain some insight into the pos- 
sible effect of variations in chemical composition (at the same particle size) 
on blood stream disappearance rate and site of uptake of colloids, and thus 
perhaps obtain a clearer idea of the mechanism operative in selective localiza- 
tion in one element or another of the reticulo-endothelial system. From the 
present data it is not possible to determine whether or not polymerization of 
the slowly disappearing colloids is a necessary preliminary to reticulo-endo- 
thelial deposition, or whether the particles remain in the serum at the original 
size and are slowly removed at this size. 

C. Retention of Yttrium and Zirconium Colloids in Tissue Following Initial 
Uptake.—For several applications of such colloids in selective irradiation it is 
necessary to know to what extent the colloids remain fixed in tissues once 
deposited. 


TABLE V. EXTENT OF RETENTION OF YTTRIUM-HYDROXY-CITRATE AND ZIRCONIUM-HYDROXY- 
LACTATE COLLOIDS IN TISSUES OF DEPOSITION IN THE RABBIT* 








% INJECTED DOSE STILL PRESENT IN ENTIRE ORGAN 

YTTRIUM-HYDROXY- ZIRCONIUM-HYDROXY-LACTATE 
CITRATE COLLOID COLLOID 
DAYS AFTER INJECTION 
ORGAN 2/3 11 | 1/6 lL 10 

Bone and marrow 35.0 | 53.0 44.0 46.0 
Spleen 1.0 0.4 ee 2.9 
Liver 45.0 29.0 37.0 21.0 
Kidneys 1.2 0.7 2.7 2.0 3.1 
Lungs 0.5 0.3 0.4 0.9 0.6 


_*Data in this table were obtained by injecting separate rabbits with the colloids and 
sacrificing the animals at the stated time intervals after injection. 
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For the zirconium phosphate colloids (large particle type) in the mouse, 
analysis shows that there is at ten days after injection 96.5 per cent of in- 
jected zirconium in liver plus spleen, 0.3 per cent in the lungs, and 3.3 per 
cent in the entire remainder of the careass. Comparison of these data with 
those for the same colloid in Table I shows that no significant loss of activity 
or change in distribution oceurs for this colloid over this time interval. 

Similar data for the yttrium-hydroxy-citrate and zireconium-hydroxy- 
lactate ‘‘intermediate particle size’’ colloids are given in Table V. 

Excretion data in the rabbit show negligible losses of yttrium colloid via 
the urine after the first day, while 14 to 1 per cent of the injected dose is lost 
daily via the feces. 

Exeept for a possible trend toward slow loss of activity from the liver, 
it is seen that the bulk of the yttrium and zirconium colloids tend to remain 
localized at the site of deposition, at least for the periods of time given in 
Table V. 

D. Experimental and Therapeutic Applications —FKor experimental work 
requiring specific irradiation of the liver, spleen, or bone marrow, cr com- 
binations of these organs, the colloids described are useful. With the range 
of short- and long-lived radioisotopes of yttrium, zirconium, and columbium 
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available and with the evidence presented that colloids incorporating such 
isotopes may be retained in tissues of deposition for at least several weeks, it is 
possible to achieve continuous specific irradiation of tissue at any desired 
intensity level either for short or long periods of time. 

In certain neoplastic diseases of the hematopoietic system, as the leu- 
cemias, myelomas, or other neoplasms involving the liver or bone marrow, 
and in polyeythemia, the therapeutic use of yttrium or zirconium colloids 
seems feasible. With these colloids irradiation is localized in three tissues 
while minimizing the irradiation of other tissues. With a range of half lives 
of beta-emitting isotopes from 17.0 hours to 65 days, one may have a great 
latitude in choosing duration and intensity of therapeutic irradiation. <A 
clinical evaluation of these colloids, with incorporated radioisotopes, is now 
being made both with respect to tissue distribution in human beings and with 
respect to therapeutic efficacy in polycythemia, the leucemias, and certain 
other selected diseases. While no great differences from other forms of radia- 
tion therapy are anticipated, it is possible that some improvement in the man- 
agement of these diseases may result. 


SUMMARY 


1. Colloids of zireonium of relatively large particle size show rapid dis- 
appearance from the blood stream (Ty — ~ 30 seconds to 1 minute) and are 
deposited mainly in the liver and spleen. 

2. Colloids of’ smaller particle size, both of zirconium and yttrium, dis- 


appear much more slowly from the blood stream (T; = 30 to 80 minutes) and 
are deposited primarily in the bone marrow and spleen, secondarily in the 
liver—the liver specific activity being approximately one-third that of 


marrow. 

3. Both types of colloids, once deposited in these organs, show no signifi- 
eant change in distribution pattern, at least over a period of two to four 
weeks, and only slow excretion from the body. 

4. The distribution of the colloids and the availability of the isotopes of 
a wide range of nuclear properties render them suitable for experimental 
studies requiring specific irradiation and for therapeutic utilization in certain 
diseases. 
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\N EXPERIMENTAL STUDY OF THE EFFECT OF ZIRCONIUM AND 
SODIUM CITRATE TREATMENT ON THE METABOLISM 
OF PLUTONIUM AND RADIOYTTRIUM 


JACK SCHUBERT, PH.D. 
CHICAGO, ILL. 


INTRODUCTION 


“TT HE routine processing and handling of large and ever-increasing quanti- 

ties of radioelements are now an actuality. When these radioelements find 
their way into the body they may cause radiation injury in a manner similar 
io radium poisoning. Internally fixed radioelements are of special concern 
since the amounts needed to produce injury are trifling compared with the 
quantities necessary to cause equivalent damage from external sources of 
radiation. Most of these potentially dangerous radioelements are metals. 
The purpose of this and subsequent studies is the development of rapid, safe, 
and effective procedures for increasing the elimination of potentially harm- 
ful radioelements which have gained entry into the body. The magnitude 
and nature of the problems involved have been described ably by Hamilton 
and associates.!® ? 

It has been postulated and shown that the excretion of certain metallic 
elements fixed in the body should be increased following the administration 
of relatively large amounts of the soluble salts of certain other metals.? The 
citrate salt of zirconium when given to rats was found to cause a consider- 
able inerease in the urinary excretion of plutonium and a large decrease in 
the amount of plutonium deposited in the skeleton. An investigation of the 
effeets of zirconium citrate and salts of other metals on the excretion and dis- 
tribution of a large variety of radioelements is now being conducted in this 
laboratory. The present study provides a direct comparison of the very 
marked displacing action of zirconium citrate on plutonium (Pu?%°) and 
yttrium (Y®). Sinee Y® is a beta emitter and Pu**® an alpha emitter, it was 
advantageous to administer these elements simultaneously and to analyze for 
each element directly in the presence of the other without the necessity of 
carrying out any chemical separations. 


EXPERIMENTAL 


General Procedures——The experiments described in this paper utilized 
200 gram Sprague-Dawley female rats and a growing mongrel dog. Experi- 
mental details which relate to the dog will be described later. The rats were 
kept individually in metabolism cages which were especially constructed to 
facilitate the daily collection of urine and feces separately. All injections 
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were made by the intraperitoneal route. Eight rats were given a single injec- 
tion of 2.0 ml. of the Pu**® plus Y* solution. Thirty minutes later three of 
the animals were administered 4.0 ml. of the zirconium citrate solution (a total 
of 51.4 mg. as Zr) and two others were given 4.0 ml. of a 5 per cent sodium 
citrate solution (early treatment). Of the remaining three control rats, one 
was given 4.0 ml. of the zirconium citrate solution seventy-two hours after 
the administration of the radioelements (late treatment). 

The rats were sacrificed six days after receiving the radioelements. The 
liver, spleen, kidneys, femurs, and careass were analyzed separately. 

Radioelement Solution.—The radioelement solution was at a pH of 5.6 
and had the following composition per milliliter: 40 ng of +4 Pu?*® (2.7 x 10° 
counts per minute under the counting conditions), 2.3 we of Y*! (1.3 x 10° 
counts per minute under the counting conditions), 2 per cent citrie acid, ¢.15M 
in Na* and 0.05M in CL. 

Preparation of the Zirconium Citrate Solution.—The zirconium was con- 
verted to a soluble citrate complex form. The solution of this complex salt is 
stable toward wide changes in temperature, pH, dilution, and to phosphate 
ion. A 100 ml. batch is prepared as follows: To 18 ml. of a filtered solution 
of zireonyl chloride (ZrOCl,) containing 130 to 140 mg. as Zr per milliliter 
add, while stirring, 80 ml. of a 12.5 per cent solution by weight of sodium 
citrate, Na,;CgsH,0,-2H,O. <A precipitate which first forms, presumably zir- 
conium hydroxide, subsequently dissolves. Two milliliters of a 20 per cent 
solution of NaOH are added and the zirconium citrate solution is filtered 
through quantitative filter paper. The final solution is clear and colorless. It 
has a pH of ~6.3 and contains about 25 mg. as Zr per milliliter and the equiva- 
lent sodium and citric acid concentration of a 10 per cent sodium citrate solu- 
tion. Because of its hypertonicity (~1.1M in Na‘) it is advisable to dilute the 
solution at least 1:1 with distilled water, as was done in the present experi- 
ment. For intravenous injection a fourfold dilution yielding a near isotonic 
solution and 6 mg. as Zr per milliliter is preferable. 


TABLE I. EXCRETION OF ZIRCONIUM IN RATS FOLLOWING INTRAPERITONEAL ADMINISTRATION OF 
ZIRCONIUM CITRATE 








TOTAL MG. AND PER CENT OF TOTAL INJECTED DOSE OF ZR 
RATS INJECTED WITH RATS INJECTED WITH 
— ‘ 100 MG. ZR ON 0 AND 3RD DAY 50 MG ZR ON 0 AND IST DAY 

DAYS ELAPSED 

AFTER FIRST ZR URINE FECES URINE FECES 
INJECTION MG. | & MG. | % MG. | % MG. | % 

0-1 78 78 0.05 0.05 43.5 87 <0.05 <0.1 
1-2 0.7 0.7 0.8 0.8 44 0.5 0.5 

-3 0.3 0.3 aes ee “ 0.5 went aaa 

-4 90 45 0.4 0.2 y 0.7 ane asics 

5 1.6 0.8 0.4 0.2 Me 0.5 0.2 0.2 

6 1.4 0.7 2.0 1.0 . 0.8 2.0 2. 

8 0.2 0.1 0.6 0.3 .05 0.05 <0.05 <0.05 
0.06 0.03 — i , 0.4 see es 
0.2 0.1 0.1 0.05 “ 0.3 <0.05 <0.05 
0.2 0.1 0.06 0.03 a 0.3 ae ae 

173 87 ~44 ~2.2 ¢ 91 ~29 ~2.9 

















— et 
WO TOU we DO 
ht ht bel GO DC. 

iz bo SO 











EFFECT OF ZIRCONIUM AND SODIUM CITRATE TREATMENT 


The zirconium in this solution is part of an anion complex and the approx- 
imate formula of the chelated compound* formed is Na [ZrO(C,H;0;) |. 

Excretion of Zirconium.—tin a separate experiment the excretion rate 
of the zirconium citrate was.studied (Table I). Within the first twenty-four 
hours following the administration of zirconium citrate, the bulk of the dose is 
exereted in the urine. The analyses for zirconium were made by gravimetric 
method in which the phosphate of zirconium is precipitated from 10 per cent 
sulfurie acid.* 

Toxicity of Zirconium and Other Metals.—In rats the zirconium citrate 
salt appears to be innocuous and does not seem to result in chronic intoxication.* 
Large frequent doses as high as 1.5 Gm. per kilogram as Zr did not eause any 
deaths. Investigations with a similar citrate salt of zirconium showed that 
the LD;. for acute toxic levels is 1.7 Gm. as Zr.t| As much as 3.6 Gm. per kilo- 
gram of Zr is tolerated by rats when administered once daily in doses of 0.45 
Gm. per kilogram. 

The possibility of using La, Ce, and Cb for metal displacement studies 
was tested.2, However, it was found that as little as 12 mg. per kilogram of the 
chlorides of La and Ce proved fatal to rats within three days when given intra- 
venously. Fifty milligrams of Cb per kilogram in the form of sodium columbate 
gave rise to symptoms of severe intoxication of a chronic nature. 

Methods of Analysis—The excreta and weighed tissues were prepared 
for analysis by repeated ashing with coneentrated HNO, and 30 per cent 
H.O. until a white ash remained. The ash was dissolved in 3M HNO, and the 
solution transferred to a volumetric flask and made up to volume. The 
urine samples obtained on the day following zirconium administration con- 
tained a considerable amount of insoluble oxides of zirconium. In such eases 
the solutions were well shaken before an aliquot for counting was taken so 
as to inelude a proportional amount of the suspended material. 

The samples were assayed for Y® activity by directly counting a dried 
aliquot through a thin mica end-window Geiger tube. The samples for Pu**® 
activity were mounted on a 114 ineh platinum disk and the alpha activity 
was determined in a proportional e-counter. The dried sample weights were 
kept to a minimum in order to prevent significant losses through self-absorp- 
tion. Adjustments were made to insure that no Y*' beta activity was being 
recorded in the alpha counting circuit. The alpha or beta activity in a sample 
was periodically referred to a sample from the original injection solutions 
which were mounted and counted in an identical manner. Aliquots of the 
samples from the original injection solutions were obtained after making 
several dummy injections into a volumetric flask. | 

RESULTS OBTAINED WITH RATS 

Comparison of Normal Pu and Y Metabolism.—The fact that the Pu and Y 
were administered simultaneously affords a unique opportunity for directly 
comparing the metabolism and distril;ution of these elements under identical 


cireumstanees. 


*The chelate nature of the compound and its probable formula is based on information 
communicated by Dr. Loren C. Hurd of the Rohm and Haas Company, Philadelphia, Pa. 
__ Actually the salt is sodium zirconyl citrate, but for our purposes it is convenient to refer 
to it as zirconium citrate. 
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Considerable differences in their behavior were shown, especially in the 
urinary excretion and retention by the liver (Table IT). 

During the six-day period the rats excreted in the urine nearly twenty 
times as much Y as Pu (27 per cent and 1.4 per cent respectively). On the 
other hand, the fecal output of Pu was about twofold greater than the fecal 
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Kig. 1.—Effect of zirconium and sodium citrate treatment on the distribution and_ excretion 
of Pu (IV) in rats six days after the intraperitoneal administration of the radioelement. 








exeretion of Y. The ratio of urinary to fecal excretion one day after injec- 
tion was about 20 for Y and about 0.5 for Pu. At the sixth day after injec- 
tion the ratio was approximately 1 for Y and 0.04 for Pu. These ratios 
emphasize the differences in the nature of the exeretion between these two 
elements. 

The kidney retained more than twice as much Y as Pu, while the liver re- 
tained about eight times more Pu (11.9 per cent and 1.5 per cent respectively). 
The deposition of Pu in the skeleton was 1.7 times as great as that of Y, as 
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Fig. 2.—Effect of zirconium and sodium citrate treatment on the distribution and excretion of 
Y™ in rats six days after the intraperitoneal administration of the radioelement. 





indicated by the femur content. No significant differences in the amounts 
deposited in the spleen were found. The careass, which included the pelt, 
muscle, blood, skeleton, and gastrointestinal tract, retained 72 per cent of Pu 
and 62 per cent of the Y. With respect to Pu the results obtained are in good 
quantitative agreement with those reported by Carritt and co-workers.® 

The differences in excretion and distribution between Pu and Y are prob- 
ably indicative of the greater tendency of Pu to become colloidal in the physi- 
ologic pH region. This point is discussed later in the paper. 

Effect of Treatment on the Urinary and Fecal Excretion of Pu and Y.— 
The over-all distribution and exeretion of plutonium and yttrium in treated 
and untreated rats at the end of the six-day period are summarized in Table 
II and presented graphically in Figs. 1 and 2. The daily excretion levels are 
shown in Figs. 3, 4, and 5. During the six-day period the rats lost about 5 
per cent of their body weight. 
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EFFECT OF ZIRCONIUM AND SODIUM CITRATE TREATMENT ON THE 
DAILY URINARY EXGRETION OF Pu239 


ARROW REPRESENTS A SINGLE INJECTION 
OF ZIRCONIUM OR SODIUM CITRATE. 
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Fig. 3.—See text for information regarding the injections. 


Following a single injection of 51.4 mg. of Zr, the urinary exeretion of 
Pu in the early treated rats was increased from about 1 per cent of the total 
injected dose to about 50 per cent, a factor of 50. At the same time 
the urinary excretion of Y was increased from about 25 per cent to 60 
per cent, or nearly two and one-half fold. Of interest is the fact that 
the urinary excretion of Pu (and to a lesser extent of Y) continued to 
be appreciably greater than that of the control animals for the sueceeding 
five days (Figs. 3 and 4). The sustained nature of the heightened urinary 
exeretion of Pu confirms earlier findings.?, When a single injection of 51.4 mg. 
of Zr was administered three days after the Pu and Y, the urinary excretion 
of Pu was still increased to a remarkable extent, namely from 0.08 per cent 
to more than 5 per cent, a factor of more than 60, Similarly, the excretion of 
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EFFECT OF ZIRCONIUM AND SODIUM GITRATE TREATMENT ON THE 
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ARROW REPRESENTS A SINGLE INJECTION 
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Fig. 4.—See text for information regarding the injections. 


Y was increased about tenfold, viz., 0.3 per cent to 244 per cent. Sodium 
citrate did not appear to significantly change the urinary excretion of 
Pu or Y. 

The fecal excretion of Pu or Y was little affected by zirconium or sodium 
citrate administration. In the case of Y, early treatment increased feeal ex- 
eretion by a factor of 2 over the six-day period, while that of Pu was not sig- 
nificantly changed (I ig. 5). 

Effect of Treatment on the Body Distribution of Pu and Y.—The amount 
of Pu and Y deposited in the skeleton was remarkably reduced foilowing the 
early administration of a single injeetion of zireonium citrate. The Pu econ- 
tent in the femurs decreased from 7.3 per cent to 1.2 per cent, a reduction of 
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EFFEST OF ZIRCONIUM AND SODIUM CITRATE TREATMENT ON 
DAILY FECAL EXCRETION OF Pu239 AND yY?! 


ARROW REPRESENTS A SINGLE INJECTION 
OF ZIRCONIUM OR SODIUM CITRATE. 
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Fig. 5.—See text for information regarding the injections. 


sixfold, while that of Y was decreased from 4.2 per cent to 1.6 per cent, a 
factor of 2.6. In the rats treated with Zr three days after exposure, a small 
decrease in skeletal Pu but not of skeletal Y was observed. The amounts of 
Pu and Y retained by the careass in the early treated rats were reduced by a 
factor of about 2.3. 


No significant changes in the amounts of Pu and Y deposited in the spleen, 
liver, or kidneys were found following administration of zireonium citrate. 
In a previous experiment? it was found that the amount of Pu deposited in the 
liver was reduced by a factor of 2 to 3 following Zr administration. However, 
the fact that the animals in the previous experiment were sacrificed eighteen 
days after the administration of Pu and Zr may be responsible for the dif- 
ference. It is of interest to add that in the previously reported experiments? 
no change in the amount of Pu deposited in the lungs was noted following ad- 
ministration of zirconium citrate. 

Hamilton and co-workers® have carried out experiments on the effect of 
zirconium citrate on the distribution and excretion of rats injected intra- 
museularly or intravenously with plutonium or yttrium. The results of these 
experiments are in good agreement with those reported here. 
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EFFECT OF ZIRCONIUM CITRATE TREATMENT 
ON THE URINARY AND FECAL EXCRETION OF 
PLUTONIUM FROM A GROWING MONGREL DOG. 
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Fig. 6.—Effect of zirconium citrate on the rate of excretion of Pu by a growing dog fol- 
lowing intravenous administration of 0.423 mg. of Pu (IV). The zirconium citrate was given 
intravenously. The dog weighed 7.3 kg. when injected, 11.5 kg. 150 days after the Pu in- 
jection, and 12 kg. after 880 days. 

RESULTS OBTAINED WITH A GROWING DOG 


or 


A growing mongrel dog weighing 7.27 kilograms was injected intra- 
venously on Oct. 25, 1945, with 0.423 mg. of Pu (0.058 mg. per kilogram) in 
the form of +4 nitrate. The rate of urinary and fecal excretion of Pu was quite 
‘apid during the subsequent two weeks and then reached a nearly constant 
level about thirty days after the administration of Pu (ig. 6). During the 
two weeks immediately following the injection of Pu the dog exereted 1.1 
per cent of the injected dose in the urine and 2.7 per cent in the feces, or a 
total of 3.8 per cent. On the thirtieth day after the injection the average 
urinary excretion of Pu was 0.007 per cent of the injected dose. The average 
daily feeal excretion of Pu was about 0.0085 per cent and the ratio of average 
urinary to fecal excretion was 0.8. This ratio is in substantial agreement with 
data obtained with human subjects at thirty days.° Four months after injec- 
tion the urinary and feeal exeretion of Pu was essentially unchanged from 
the thirty-day value. It is of interest to note that at this time the conecentra- 
tion of Pu per milliliter of cireulating blood was 0.025 pe or 10-* per cent of 


the injected dose. 
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Five months after the dog received Pu, intravenous administration of 
small amounts of zireonium citrate was begun. At this time the dog’s weight 
was 11.5 kilograms. An injection of only 4.15 mg. per kilogram of Zr was 
followed by a definite increase in the urinary excretion of Pu (Fig. 6). Sub- 
sequent larger doses of zirconium citrate indicated that the extent of the 
increase in the excretion level of Pu was proportional to the amount of Zr 
injected. The increase in the excretion level was greatest during the few days 
immediately following the administration of zirconium citrate. However, the 
increased rate of excretion was continued for at least two to three weeks after 
cessation of Zr treatment. Following injections of 4.15, 7.85, and 15.8 mg. 
per kilogram of Zr the average per cent increase in Pu excretion on the tenth 
day after each Zr injection was 35, 75, and 165 per cent respectively. Inas- 
much as the dosage levels of Zr were considerably less than the maximal dose, 
probably by a factor of at least 10 to 100, it appears that the biologie half- 
life of Pu in the body can be reduced to a significant extent even in cases 
of chronic poisoning. The fact that the treated dog had undergone a 60 per 
cent increase in body weight by the time the zirconium citrate was admin- 
istered speaks well for the effectiveness of the treatment because the burying 
or overlayering of the deposited Pu by newly laid tissue would probably tend 
to decrease the displacing action of Zr. 

Nearly two and one-half years after the injection of Pu the urinary 
excretion level had dropped to 0.002 per cent of the injected dose. This is 


probably lower than would be the ease if the dog had reached its full growth 
before receiving plutonium, for the above-mentioned reason. It is of interest 
to note that injection of 17 mg. per kilogram of Zr at this late date was fol- 
lowed by a twofold increase in the urinary excretion of Pu. 

The fecal excretion of Pu was scarcely affected by the administration of 
zirconium citrate. 


DISCUSSION AND GENERAL THEORETICAL CONSIDERATIONS 


The distribution and excretion of metals are, in many instances, greatly 
dependent upon the route of administration, the chemical state of the metal, 
and the solvent. With metals possessing colloidal tendencies these factors are 
even more critical. The effectiveness of zirconium citrate treatment for any one 
metallic radioelement may vary considerably, particularly with those having 
colloidal tendencies. In interpreting the behavior of cationic elements in the 
body it is necessary to consider their chemical properties very closely, es- 
pecially those relating to the formation of hydroxides, soluble complex ions, 
and insoluble compounds. 


A radioelement is bound to various tissues by chemical or physical forces 
or a combination of the two depending on the environment. The displacement 
process is essentially an exchange reaction. When the exchange reaction is 
ionie in nature then the displacing property of a cation is dependent* ? on its 
concentration, valence and hydrated radius, and bodily distribution. The 
higher the valence and concentration and the smaller the hydrated radius, 
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the greater is the displacing ability. The ideal cation should combine 
ihaximum displacing properties with a minimum toxicity. Furthermore, 
its displacing action should be sustained for long periods. Thus a metallic 
cation which is not destroyed by metabolic processes would be preferable to 
metabolizable substances such as citrates and acetates. 

Some cationic radioelements are bound to surfaces by insoluble compound 
formation, as, for example, with bone phosphate. In a physical chemical sys- 
tem, and presumably under biologie conditions, elements bound in such a 
manner ean be displaced by cations which form similar insoluble compounds, 
the degree of displacement being dependent upon the solubility and coneentra- 
tion of the displacing cation relative to the adsorbed cation. Complexing 
agents facilitate the removal process. 

Colloids and suspended matter are often irreversibly adsorbed by sur- 
faces.? In a biologie system the only safe manner for effective removal of 
such substances is through the solubilization action of complexing agents. 
The slight action of sodium citrate in elevating the urinary excretion of Pu 
and Y is probably due to the complexing action of the citrate ion on the 
otherwise undiffusible fractions of these radioelements. A large part of the 
Pu in blood and urine is not ultrafilterable. However, the addition of 0.001M 
citric acid is followed by a marked inerease in the diffusible fraction of Pu, 
that is, the form in which it is available for excretion through the membranes 
of the kidney and bowel. A discussion of the action of citrate ion under 
physiologic conditions, and with particular reference to lead poisoning, is 
given by Kety.* The use of complexing agents such as citrates may be of 
supplementary value for removing those radioelements with which they form 
very stable complex ions. 

The deposition of the alkaline earths in the bone differs markedly from 
that of plutonium, yttrium, and zirconium. Thus, radiostrontium is deposited 
mainly in the mineral structure of the bone while Pu, Y, and Zr are con- 
centrated in the osteoid matrix.‘ It was not expected, therefore, that zir- 
conium citrate would exert an appreciable displacing action on strontium in 
view of its marked metabolic and chemical differences. In experiments which 
will be reported at a later date it was found that no significant increases in the 
urinary or fecal excretion of Sr were observed and neither was its con- 
centration in the liver or skeleton changed as the result of zirconium or sodium 
citrate administration. 

The most effective procedure for hastening the removal of mobile deposits 
of plutonium or yttrium from the body would be to administer zirconium 
citrate at least twice daily over an extended period. The sooner treatment is 
hegun, and the larger the initial dose, the greater should be the net reduction 
in body content, particularly in the amount deposited in the skeleton. The effect 
of oral administration of zirconium citrate is under investigation. 

It is hoped that a correlation of the results of these and subsequent metal 
displacement experiments with the chemical and metabolic properties of the 
radioelements involved will facilitate the devising of effective procedures for 
removing radioelements from the body. 
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SUMMARY 


A study was made of the effect of a single dose of zirconium citrate on 
the excretion and distribution of plutonium and radioyttrium in rats and 
a growing dog. It was found that early administration of zirconium citrate 
to rats increased the excretion of Pu from 1 per cent to 50 per cent and that 
of Y from 25 per cent to 60 per cent of the injected dose during a twenty-four 
hour period. The amount of Pu and Y deposited in the skeleton was reduced 
by factors of 6 and 2.6 respectively. No significant changes in the Pu or Y 
contents of the feces, liver, spleen, or kidney were found. 

The administration of zirconium citrate to a dog five months and two 
and one-half years after exposure of Pu was followed by a sustained increase in 
the excretion rate. The extent of the increase was proportional to the dose of 


zirconium citrate. 
A discussion is given of the chemical concepts involved in applying metal 
displacement principles to the removal of radioactive metals from the body. 
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THE SIGNIFICANCE OF THE AMINO ACID COMPOSITION OF THE 
PROTEINS EXCRETED BY THE NEPHROTIC CHILD 


ANTHONY A. ALBANESE, PH.D., Virernia I. Davis, B.S., EmMitiz M. SMETAK, 
AND MARILYN LEIN 
New York, N. Y. 


HE view that the nephrotic syndrome is the result of a general metabolic 

disorder is not as yet adequately supported by the evidence; but there is no 
question among clinicians that the problem of managing the disease is a 
metabolic one.1 The problem stated in its simplest terms is to achieve a com- 
pensatory repletion of proteins lost to the organism by excretion into the urine 
and abdominal fluid. Although the solution of this problem may or may not in 
itself correct the primary cause of the disease, it may accomplish a favorable 
prognosis by mitigating the hazards of the concomitant malnutrition. To 
realize the magnitude of the cachexia induced by this disease, it is only necessary 
to reeall that on the basis of Rubner’s values? each gram of protein lost via the 
urine alone is equivalent to a loss of 5.3 Gm. of body tissue—and a daily output 
of 25 Gm. of urinary protein is not uncommon in nephrotie children. 

In cognizance of this aspect of the disease a variety of proteins and protein 
products have been empirically assayed orally and parenterally in the therapy 
of nephrosis with varying degrees of success.* * °° These efforts have at- 
tempted primarily to replenish protein losses by augmenting protein input 
over and above the amount which ean be given in the form of normal foods. 
Sinee a similarity in amino acid patterns of the proteins administered and 
those lost in the biologie fluids during the course of the disease might reason- 
ably afford a greater measure of compensation than those of dissimilar pattern, 
We have undertaken to obtain and report data, heretofore lacking, on the 
amino acid composition of proteins excreted by children afflicted with the 
nephrotic syndrome. In addition to furnishing a guide as to the types of 
proteins most suitable for dietotherapeutic treatment, these results disclose 
(a) that the composition of the urinary proteins varies with the severity of the 
symptoms, (b) that the composition of the proteins found in the abdominal 
fluid may or may not simulate that of the proteins occurring simultaneously 
in the urine, and (e) that only in the improved stages of the disease does the 
albumin of the urine approximate the albumin of the blood in amino acid eom- 
position. 

EXPERIMENTAL 


Since we were concerned primarily with determining the total quantity of amino 


acids lost in the excreted proteins as a whole, rather than the variety of protein species, 
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it was considered expedient to salt fractionate the proteins and to forego the niceties of 
electrophoretic separation.7 It seems reasonable to assume that for dietotherapeutic in- 
terpretations the over-all amino acid pattern of the urinary proteins, irrespective of kind, 
is the practical criterion. By the same token, we shall not attempt a detailed classification 
of the nature of the kidney involvement. Considerable disunity of clinical opinion pre- 
vailed in several of the cases reported here regarding the extent of glomerular damage 
which coexisted with the nephrotic symptoms. Differentiation on the basis of urea clear- 
ance could not be made because of the inconsistency of these data. For our purpose the 
chemical data on the blood and urine provide objective and adequate criteria. 

Isolation and Analyses of Proteins of Nephrotic Patients—TIn principle the techniques 
deseribed by Hiller and co-workers’ have been employed for the separation of the urinary 
and abdominal proteins, and their experiences on the relation of the nature of protein mixtures 
exereted and severity of the disease in the adult have been found to apply for the child. 

The urine of the patients was collected and pooled for periods which were considered 
‘‘eritical’? or ‘‘improved’’ phases by chemical measurements and clinical observations. 
During critical period (e.g., the period during which marked nephrotic symptoms were pres- 
ent) the albumin:globulin ratio of the urinary proteins was uniformly below 3.00. During 
the period of improvement (subsiding of nephrotic symptoms; disappearance of edema, etc.) 
the albumin: globulin ratio was found to be 10.0 or above. 

To each daily collection of urine was added an equal volume of saturated .ammonium 
sulfate, and the collections were pooled for each period, usually about five days. The clear 
supernatant liquid was siphoned off into another jar and to this was added 10 per cent of 
its volume of 50 per cent trichloroacetic acid to precipitate the albumin. The precipitate 
from the ammonium sulfate treatment (globulin fraction) was washed three times, by de- 
cantation. The precipitate (albumin) from the trichloroacetic acid treatment was washed 
three times in the same manner with 5 per cent trichloroacetic acid. After washing, the sus- 
pended proteins were poured into the middle compartment of a three-chambered electrolytic 
cell9 and dialyzed to remove inorganic impurities. After dialysis each specimen was collected 
in a 250 ec. centrifuge cup and washed by dispersion in water and dried by successive sus- 
pension in 50 per cent, 75 per cent, and absolute acetone, centrifuging and decanting after 
each washing. The protein was dried overnight in the 50° oven, ground to a fine powder, and 
stored in small, tightly stoppered bottles. 

In some urines of the ‘‘improved period’’ a precipitate was obtained after treatment 
With ammonium sulfate as deseribed which was found not to be globulin, but almost pure 
uric acid; these urines contained albumin. 

From the individual protein samples so prepared, 100 mg. portions were removed for 
moisture and ash determinations, two 25 mg. aliquots were removed for micro-Kjeldahl de- 
terminations, a 500 mg. portion was hydrolyzed with 10 per cent NaOH for the tryptophane 
determination, and a 2 Gm. portion was hydrolyzed with 6N HCl in the usual manner for the 
determination of other amino acids. 

The proteins of the abdominal fluids were prepared and analyzed in the same manner 
as the urinary proteins. 

RESULTS 

In Table I are collected the amino acid data on the urinary proteins of four 
children who had a long history of nephrosis and died of the disease after these 
studies were done. 

Examination of the analytical results discloses that on the basis of amino 
acid contour the urinary albumin and globulin are distinct protein fractions. 
However, the urinary albumin and globulin from patients Sm. and Te. which 
oceurred in nearly the same albumin: globulin ratio are somewhat similar in 
amino acid composition; whereas the protein fractions from patient Dd. which 


were derived from urines of a lower albumin: globulin ratio contain more 
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arginine, B-hydroxy a-amino nitrogen and tryptophane. The possibility that 
the excretion of different albumins and globulins as indicated by their amino 
acid composition predominates at different stages of the disease is further 
indicated by the data obtained by the analyses of the urinary proteins of 
patient As. who passed through an ‘‘improved”’ period before his death. The 
aceord of the amino acid pattern of the urinary albumin and globulin of 
‘‘eritical’’ periods I and II of this patient and those of patient Dd. which were 
obtained from urines having approximately the same albumin: globulin ratios 
is surprising. 

Following critical period I, as indicated by chemical studies and clinical 
observations, the condition of patient As. improved either spontaneously or 
because of the administration of 50 to 60 Gm. daily of an enzymatie digest 
of lactalbumin (Edamin, Sheffield). The analyses of the urinary proteins 
during this ‘‘improved’’ period disclosed the absence of globulin and the 
presence of an albumin fraction quite different in amino acid composition from 
the albumin of the patient isolated from the urine of critical period I. The 
downward shifts in the arginine, phenylalanine, and ~-hydroxy a-amino 
nitrogen are the most significant. Subsequently the patient relapsed, into 
eritical period II, despite the continued administration of Edamin, and, as 
noted, the composition of the urinary proteins returned to that of the proteins 


TABLE II. ANALYSES OF URINARY PROTEINS OF NEPHROTIC PATIENTS WHO RECOVERED 
(The amino acid values are given as per cent amino acid N of total N) 








PATIENT, SEX, AND AGE AT ONSET 
OF NEPHROSIS AlL., MALE, 2.2 YR. MC., MALE, 2.0 YR. 


Clinical condition _ Critical Improved Improved 
Time from onset of nephrotic 25 36 92 
symptoms (wk.) 
Blood constituents: 
Cholesterol (mg. %) 980 é 247 
Amino N (mg. %) 8.1 ; 7.8 
Nonprotein N (mg. %) | 32 
Hemoglobin (Gm. %) : 9. 11.9 
Total plasma protein (Gm. %) . f 6.6 
A:G@ ratio : : 1.0 
Urinary proteins: 
Average daily output (Gm.) ; 1.5 0.9 
Total proteins (Gm. %) ; 0.4 0.4 
Average A:G ratio 3. 10.5 12.0 
ALBUMIN |GLOBULIN | ALBUMIN |GLOBULIN | ALBUMIN | GLOBULIN 


N content (corr.) (%) 13.3 13.7 3. 13.9 
Moisture (%) 8.6 6.6 
Ash (%) 0.6 Only 0.3 |Only 
Hydrolysates : 

Amino N 

Arginine 

Histidine 

Methionine 

Cystine 

Phenylalanine 

Tyrosine 

Tsoleucine 

B-hydroxy a-amino N 

Tryptophane 
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of the critical period I. However, during the course of making urine collec- 
. tions for critical period II, a twenty-four hour urine collection was found to 
form a heavy white precipitate. This was removed by centrifugation and 


found to consist of almost pure protein, whereas the supernatant urine was 
free of protein. Solubility tests showed the substanee to be insoluble in 
water, 10 per cent NaCl, and 10 per cent HCl, but readily soluble in 10 per cent 
NaOH. It could be readily precipitated from the alkaline solution by the 
addition of 20 per cent trichloroacetic acid or saturated ammonium sulfate. 
On the basis of these solubility characteristics this protein would appear to be 
an albuminoid.?° This single specimen was purified by electrodialysis and 
the analytical results were listed under critical period III; the collection for 
critical period II was naturally terminated with the preceding twenty-four 
hour collection. Subsequently the condition of the patient rapidly became 
worse so that further twenty-four hour collections could not be made. Frac- 
tional collections showed no evidence of this protein. The analyses of this 
albuminoid showed it to be quite similar to the globulin of eritical period II 
with the exception of the lower isoleucine and higher B-hydroxy a-amino 
nitrogen values. 

In Table II are collected the data on two patients who recovered from the 
disease and are at this writing, two years later, alive and well. It is to be 
noted that the critical period urinary proteins of patient Al. which were isolated 
from urines having an average albumin: globulin ratio of 3.3 are not unlike 
those of Sm. and Te. (Table I) which were obtained from urine having 
albumin: globulin ratios of 2.73 and 2.65 respectively. The albumin secured 
from the urine of this patient on his improvement and that of patient Me. 
(Table II) whose critical period collections were lost are to be compared with 


TABLE IIT. Composition or ASCITIC FLUID PROTEINS OF NEPHROTIC PATIENTS 


(The amino acid values are given as per cent amino acid N of total N) 














"-PATIEN'T, SEX, AND AGE AT : Sc 
ONSET OF NEPHROSIS DD., FEMALE, 4.0 YR. AS., MALE, 1.8 YR. 


Clinieal condition Critical Critical IT 
Fluid volume (c.c.) 4,500 4,420 
Total proteins (Gm. %) 0.15 0.47 
A:G@ ratio 143 167 











‘ALBUMIN. | GLOBULIN | ALBUMIN | GLOBULIN 
Nitrogen content (corr.) (%)_ 14,1 14.1 13.5 12.9 
Moisture (%) 8.9 9.6 | 2.8 
Ash (%) 0.7 0.9 0.8 0.8 








ILydrolysates : 


Amino N 

Arginine 

Histidine 

Methionine 

Cystine 
Phenylalanine 
Tyrosine 

B-hydroxy a-amino N 
Tryptophane 


histone 
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the albumin of patient As. (Table I) during the improved period. It will be 
observed that the amino acid patterns of these three different protein speci- 
mens are in remarkable coincidence. The arginine, phenylalanine, B-hydroxy 
a-amino nitrogen, and tryptophane content of these albumin fractions is 
significantly and uniformly lower than that of the albumin fractions collected 
during the critical periods. Indeed the amino acid composition of this albumin 
simulates that of serum albumin. These patients also were given 50 to 60 
Gm. of Edamin daily and their recovery may or may not have been influenced 
by this therapy. 

In order to more completely assess the protein losses during nephrosis 
we also analyzed the ascitic fluid secured by abdominal tapping of two of 
the patients coincidently with the designated urine collection periods. 
Serutiny of these analytical results (Table III) discloses that the albumin 
and globulin of the ascitic fluid of Dd., which has only one-tenth the total 
protein concentration as the corresponding urine, are not only present in a 
different albumin: globulin ratio from that of the urinary proteins (Table I) 
but also, as might be expected from the foregoing findings, possess a vastly 
different amino acid configuration. The ascitic fluid from As., which has 
about one-third the protein concentration as the corresponding urine pool, con- 
tains proteins which on the basis of amino acid composition are quite similar 
to those of the urine, and, as might be anticipated, the albumin and globulin 
ratios of the two fluids are in good accord. These observations suggest that 
the species of proteins which filter into the abdominal cavity are not neces- 
sarily identical with those filtering into the urine. The quantitative and 
qualitative disparity or similarity of the proteins occurring in these fluids 
probably reflects the nature and extent of the existing kidney damage. 

It is obvious that the validity of the deductions made regarding the 
similitude or dissimilitude of the proteins described heretofore is seriously 
limited by the lack of data on the amino acids for which no quantitative 
measurements were made. This deficiency arose primarily from the lack of 
adequate chemical methods. However, we were able by means of paper 
chromatograms”! to ascertain, within the limits of this technique, the general 
distribution of the other amino acids. Thus it was found that the lysine con- 
tent of the albumin and globulin preparations from the critical periods of all 
patients were about the same and both were much higher than the albumin 
of the improved period. No marked difference in the distribution of all the 
other amino acids of either the globulin or albumin fractions could be detected. 


DISCUSSION 


It is evident from the results presented here that the dietotherapeutic treat- 
ment of nephrosis must take cognizance of the kind and amount of protein 
lost during the course of the disease. The high proteinuria of the critical period 
not only involves a greater loss of proteins than the benign period but also a 
loss of higher quality proteins as indicated by their greater content of essential 
amino acids. Hence the nutritional stress is qualitatively far greater than the 
actual quantity of excreted proteins denotes. 
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TABLE IV. COMPARISON OF THE AMINO ACID COMPOSITION OF HUMAN Boop PRorEINs, 
Cow’s MILK PROTEINS, AND URINARY PROTEINS OF NEPHROSIS 


‘(All values are given in grams amino acid per 100 Gm. protein) 








URINARY HUMAN PLASMA PROTEINS 
PROTEINS (BRAND22) - LACTAL- 
7 B- a- CASEIN BUMIN 
ALBU- | GLOB- | ALBU- | GLOB- | GLOB- | GLOB- | FIBRIN-|HUMAN| (AMI- (EDA- 
AMINO ACID MIN | ULIN | MIN | ULIN | ULIN | ULIN | OGEN |GLOBIN*| GEN*) MIN*) 
6.2 4.§ 6.8 ef 7.9 3.3 2.4 
: 3.5 3.0 
2.5 2.5 
0.4 
° : 4.8 
( 5.8 : 0.9 
Tsoleucine Bie : 5.0 4.8 : 4.6 
Tryptophane 1.8 (0.2) f 2.0 33 : 2.4 
*These amino acid values were obtained in this laboratory by the use of the same methods 

employed for the analyses of the urinary proteins. 











Arginine 5.4 
Histidine 3.4 
Methionine 2.8 
Cystine 5.4 
Phenylalanine 5.9 
Tyrosine ~ 4.5 
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On the basis of our evidence, it seems that some suggestions can be made as 
to the kind of proteins or amino acid mixtures which might be expected to 
alleviate better the amino acid depletion induced by the disease. Thus, if we 
compile the average composition of urinary proteins collected during the critical 
phases of the disease (albumin: globulin ratios 1.68 to 3.30) and compare these 
amino acid values with those of proteins which have been employed in the treat- 
ment of nephrosis, a measure of their possible efficacy can be gained (Table IV). 


It is clear from these data that none of the human blood proteins provide 
amino acids in the general pattern in which they oceur in the urinary 
proteins.* * ° Attention is called to the methionine, isoleucine, and trytophane 
deficiencies of plasma albumin; the methionine, cystine, phenylalanine, and 
isoleucine deficiencies of the globulins; and the cystine and phenylalanine de- 
ficiencies of fibrinogen. Human globin is poor in cystine and isoleucine by 
comparison with urinary albumin and globulin. Turning to the milk proteins 
we find that casein (Amigen) is lacking in cystine, phenylalanine, and tyrosine;* 
whereas lactalbumin (Edamin) is low only in cystine and phenylalanine. Of 
course any protein given in large enough quantities will compensate for the 
urinary protein losses, but this practice involves the administration of large 
quantities of unnecessary amino acids which the already metabolically em- 
barrassed organism must degrade and thereby inevitably augment the prevail- 
ing high blood nonprotein nitrogen beyond the limits of tolerance. In view of 
these considerations it would seem more reasonable to assay the value of avail- 
able digests which have been supplemented with pure amino acids to simulate 
the amino acid configuration of the urinary proteins. 

In addition to this practical application, these findings also serve to 
answer in part the question of the origin of the proteins excreted in nephrosis. 
A comparison of the amino acid composition of the urinary proteins and the 
normal blood proteins (Table IV) indicates that neither the urinary albumin 
or globulin of the critical period could arise respectively from the plasma 
albumin or any mixture of the plasma globulins. This leads to the surmise 
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that the hypoproteinemia of nephrosis does not result primarily from a loss 
of blood proteins into the urine but from the relegation of amino acids to the 
‘ormation of the aberrant proteins which are excreted into the urine and 
ibdominal eavity. 


SUMMARY 












Amino acid analyses of the proteins found in the urine and abdominal 
cavity of patients suffering from nephrosis reveal that the urinary albumin and 
slobulin have a different amino acid pattern from the plasma albumin and | 
lobulin. This finding suggests that the hypoproteinemia of the disease is due 
io the utilization of amino acids for the formation of the aberrant proteins oc- 
curring in the exeretory fluids rather than the exeretion of normal blood pro- 
‘teins. The further suggestion is made that protein preparations which simulate 
the amino acid patterns of the urinary proteins be assayed in the dietotherapy 
of the disease. 


Pee 
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NUTRITIONAL STATUS AND INFECTION RESPONSE 


IJ. ELECTROPHORETIC, CIRCULATING PLASMA PROTEIN, HEMATOLOGIC, HEMATO- 
POIETIC, AND PATHOLOGIC RESPONSES TO MYCOBACTERIUM TUBERCULOSIS 
(H87RV) INFECTION IN THE PROTEIN-DEFICIENT RAT 


Jack Metcorr, M.S., M.D., DororHy Darina, M.S., Doris WILson, B.Sc., 
ANGELO Lap, M.D., anv F. J. Starr, M.D., Pu.D. 
Boston, Mass. 


INTRODUCTION 


HE concept that malnutrition increases susceptibility or reduces resistance 

to tuberculosis gained impetus after the World War of 1914 to 1918. In- 
creased mortality in Europe to tuberculosis during that period was ascribed 
by epidemiologic inference largely to nutritional deficiencies—particularly de- 
privation of proteins and fats.''**»4 These epidemiologic observations have 
not been supported by controlled laboratory experiments. An adequate ex- 
perimental approach, however, is difficult to achieve for chronic tuberculosis 
occurring in man is somewhat different from the disease produced in experi- 
mental animals.® 

Sinee a multiplicity of factors undoubtedly influence the susceptibility, 
resistance, and course of tuberculosis, it seemed desirable to approach experi- 
mentally the problem of dietary deficiency in relation to resistance to and course 
of this disease by using an ordinarily resistant animal species. The albino rat 
was chosen since its diet could be well evaluated. It hag a relatively high re- 
sistance to experimental tuberculosis. When appropriately infected by virulent 
strains of tubercle bacilli, granulomatous lesions occur although rats rarely die 
of the disease. Employment of the rat in the study of problems associated 
with tuberculosis is not unique.**? Several of these studies were con- 
cerned with the influence of nutritional factors upon experimental tuberculo- 
sis,!9-21) 24, 26-31, 34, 87, 40,41 only two with the effect of protein deficiency.'® °° 
Because of the current interest regarding the relation of protein deficiency 
to infection response, stimulated by Cannon,** ** it seemed desirable to review 
this particular phase of the tuberculosis problem utilizing more recently avail- 
able techniques. Accordingly, controlled studies were done embracing several 
concomitant phases of physiologic and pathologic responses to tuberculous in- 
fection and protein deficieney—ineluding growth, food consumption, the con- 
centration, total circulating, and electrophoretic distribution of plasma proteins, 
hematologic and hematopoietic variations, and histologic tissue response. Well- 
nourished and chronically protein-deficient rats, as well as animals with sub- 
sequently superimposed acute severe protein deprivation, were studied. 
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METHODS 


In preliminary experiments, consistent infection was obtained and physiologic and 
pathologic responses were noted. In this experiment, sixty-four young, growing, male, Sher- 
man strain rats (60 to 70 grams) were used. These were isolated in individual wire mesh 
cages and kept in a room maintained at 75° F. After an initial seven-day acclimatization 
period on a basal 18 per cent casein diet,* the animals were divided into two major diet 
groups. Thirty-one rats were continued on the basal 18 per cent casein diet. Thirty-three 
rats were reduced to an 8 per cent casein diet.* After two weeks on these control and 
moderately protein-deficient diets, the animals were divided into experimental groups and 


inoculated as follows: 


GROUP 
INFECTED NONINFECTED 
Heat-killed Diet-control no 
organisms organisms 


18% protein level 19 
8% protein level 20 6 7 


Infection was accomplished by direct intrajuglar injection of 0.05 ¢.c. of a suspension 
containing 0.1 mg. of a young culture of virulent, viable, human strain (H37RV) bacilli.t 
A similar suspension of heat-killed organisms was injected intrajugularly as an infection and 
tissue response control procedure. <A third group of animals served solely as diet controls. 
Four weeks (twenty-eight days) after infection and six weeks after the experimental diets 
were begun, approximately half the remaining infected and control animals of each diet group 
were reduced acutely to a 2 per cent casein level. Blood samples for the various studies 
were drawn from an appropriate sample of the respective diet groups prior to infection 
and before groups of animals were sacrificed at fourteen, twenty-eight, forty-two, and fifty- 
eight days after infection. One milligram of old tuberculin (O. T.). was injected intra- 
cutaneously in all rats forty-eight hours prior to sacrifice. 


*The experimental diets were isocaloric and similar to those used in previously reported 
studies.“ They had the following composition: 


DIET COMPOSITION PER 100 GM. RATION 








MODERATELY 
DEFICIENT RATION 
(8% CASEIN) 


ADEQUATE RATION 
FOOD (18% CASEIN) 


DEFICIENT RATION 
(2% CASEIN) 





Casein 
Sucrose 
Mazola 


Phillips & Harts salts 


Cystine 
Thiamine Cl 
Pyridoxine 
Riboflavin 
Niacin 


Ca pantothenate 


Choline Cl 
Inositol 
Biotin 


18 Gm. 
73 Gm. 
5 Gm. 
4 Gm. 
0.2 Gm. 


206 y 
200 4 
400 v 
2.5 meg. 
1.5 mg. 
100 meg. 
100 mg. 
50 ¥ 


8 Gm. 
83 Gm. 
5 Gm. 
4 Gm. 


100 meg. 
100 meg. 
50 ¥ 


2 
89 
5 

4 
0.2 
400 
400 
800 
5.0 
3.0 
200 
200 
100 


Gm, 
Gm. 
Gm. 
Gm. 
Gm. 
y 
i 
7 
meg. 
me. 
mg. 
meg. 
7 








Haliver oil was fed : 
vided 4.1 calories per gram ration. 


in 0.1 ¢.c. amounts biweekly. 
The 18 per cent casein diet afforded 134 to 431 mg. N per 


Water 


was offered 


ad libitum. 


Diets pro- 


twenty-four hours per 100 gram rat; the 8 per cent diet, 68 to 177 mg.; the 2 per cent diet, 15 
to 34 milligrams. 


+The subculture used was derived from the original strain isolated in 1904.46 The via- 
bility of the subculture was satisfactorily demonstrated by inoculation of five guinea pigs with 
a thirteen-day subculture grown in a liquid medium.” After several animal passages, a Dubos 
media young (seven-day) growth, representing a fifth subculture, was removed from the media 
by centrifugation, washed three times with Ringer’s solution, and weighed. The organisms 
were resuspended in Ringer’s solution. An even suspension containing 0.1 mg. per 0.05 cc. was 
used for injection. A similar heat-killed suspension was prepared by autoclaving. The heat- 
killed organisms retained morphologic characteristics. In the preliminary experiments, bacilli 
were recovered from infected tissue, cultured, and subsequently inoculated into guinea pigs, 
producing the typiczl disease pattern in these susceptible animals. 
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Hemoglobin (oxyhemoglobin) was determined with the Klett-Summerson photoelectric 
colorimeter (using a 540 my filter). The relative cell volume was calculated from it.4s 
‘otal leucocyte and differential counts were done by the usual methods. Total plasma 
protein concentration was determined gravimetrically by the copper sulfate method.49 
Blood volume partition studies, using Evan’s blue dye T-1824 and a modified single sample 
photoelectric microcolorimetric technique,48 were done concurrently with the above-men- 
tioned concentration determinations. Unit circulating protein and hemoglobin values were 
readily caleulated by adjusting total volumes to a unit surface area (milliliters per 100 
m.2 §.A.).50 

Sera from the sacrificed animals were pooled by groups for electrophoretic analyses. 
leetrophoreses were carried out over a 120-minute period in a modified Tiselius apparatus, 
according to the technique of the Department of Physical Chemistry.51 Owing to poor 
light transmission of the dyed plasma, a 1.5 per cent protein concentration was found more 
practical than previously used 2 per cent concentrations. No significant variation in 
pattern composition would be expected to result from this more dilute protein concentra- 
tion.52 The 1.5 per cent solution was obtained by dilution with, and dialyzation against, 
sodium diethylbarbiturate buffer of pH 8.6 and 0.1 ionic strength. Mobilities were caleu- 
lated from the descending boundary patterns of five times enlarged schlieren diagrams. 
Compositional data represent an average derived from planimetric resolution of both 
ascending and descending boundary patterns, excluding the delta and epsilon boundary 
anomalies, 

Bone marrow imprints53 were obtained from the distal diaphyseal third of the left 
femur when the animals were sacrificed. Eight to ten consecutive imprints were made on 
ach of three cover slips. In addition to the usual May-Griinwald-Giesma stains, occasional 
sections were stained with the Ziehl-Neelsen technique. Cytologic classification and group- 
ing were as previously described.45 

At specified intervals infected and control animals were killed by ether anesthesia and 
all viscera grossly examined. The tissues were then fixed in Zenker acetic fixative for 
twenty-four hours and washed in tap water for a similar period, and paraffin blocks were 
prepared. Routine sections were made of lungs, tracheobronchial nodes, heart, liver, spleen, 
kidneys, adrenals, testes, and skin at the site of inoculation with O. T. The intestine, 
pancreas, and mesenteric nodes of a few animals were sectioned at random. All sections 
were stained with eosin-methylene blue and, where indicated, duplicate sections were 
stained by the Ziehl-Neelsen technique for tubercle bacilli in tissues. 


RESULTS 


I, Pathology.— 

a. Gross Examination: 

At autopsy no significant gross changes were noted in the noninfected rats, regardless 
of dietary status. Several rats died spontaneously of intercurrent infection or trauma 
incident to cardiac puncture. The latter procedure frequently accounted for focal pul- 
monary hemorrhage. An occasional intercurrent infection of the lungs obscured gross 
lesions commonly evident in experimentally infected animals,54 but did not interfere with 
the demonstration of Mycobacterium tuberculosis in the tissues. Specific gross lesions were 
consistently demonstrable in lungs and spleen of infected animals. In several control rats, 
white specks (microscopically identified as lymphoid tissue) dotted the pleural surfaces of 
the lungs; these nodules usually were not greater than 0.5 mm. in diameter, No appreciable 
pathologie differences existed between contro] and infected animals at two weeks. How- 
ever, as the postinfection period Jengthened, smooth, slightly elevated, gray-white, opaque 
nodules became conspicuous and progressively larger on the pleural surfaces of the lungs of 
infected rats. These nodules attained an average diameter of 2 mm. eight weeks after 
infection. 
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: In infected animals rounding of the normally sharp borders of the spleen resulted 
from diffuse enlargement to approximately twice normal size at the end of eight weeks of 
infection. Tiny, poorly defined, pinhead-sized nodules projected slightly above the surface, 
and the entire organ assumed an opaque translucency resembling glazed orange rind. 

Varying degrees of involution of the thymus were noted in all animals after pubes- 
cence. The skin of the abdomen at the site of tuberculin inoculation showed slight indura- 
tion and a dry, brown crusting in many of the control as well as infected animals after 
forty-eight hours. No erythema was noted at the periphery of the indurated area in any 
animal. Systemic reactions due to injection of tuberculin2¢, 31, 38 were not observed. 

b. Microscopic Examination—Noninfected Animals: 

A study of the histology of the organs of thirty young control rats revealed several 
anatomical characteristics which merit brief comment. 

Lymphoid Tissue: Lymphoid tissue was widely distributed throughout the lung 
parenchyma where it assumed the form of peribronchial and perivascular ‘‘collars.’’ 
Occasionally, in these zones, well-developed germinal centers formed large nodules, The 
tracheobronchial nodes were well developed, in some instances with prominent primary 
and secondary follicles. The lymphoid tissue of the spleen was characteristically dense, 
particularly the Malpighian follicles in which large, clearly demarcated secondary follicles 
were consistently present. In other organs, such as the liver, lymphoid tissue was less 
conspicuous, usually consisting of aggregates of lymphocytes and macrophages adjacent 
to the trabeculae. 

Lungs: The lungs of all rats commonly revealed large cells having small, round or oval 
vesicular nuclei and extremely pale cytoplasm. Frequently, the cytoplasm was identified 
only by the demarcating cell membrane; occasionally it appeared unusually foamy. These 
cells were either present in alveolar septa or lying free in alveolar air spaces. In the 
septa, they appeared closely associated with lymphoid tissue. In the air spaces, they 
rather closely resembled the alveolar phagocytes, or heart-failure cells, often seen in human 
lungs. These cells are thought to play an important role in the reaction of the rat to infec- 
tion with Myco. tuberculosis.39 

Liver: An ineonstant, though frequent, degenerative change was noted in the livers 
of rats subjected to severe dietary protein deficiency. Hepatocellular degeneration was 
evident in the peripheral areas of the lobules, It was characterized by liver cell swelling, 
cytoplasmic rarefaction, frequent hyperchromatism of nuclei, and a conspicuous cell 
membrane. Because of the cellular swelling, the sinusoids in these areas seemed obliterated. 
Basophilic granules (presumably representing ribonucleic acid55, 56,57) were displaced pe- 
ripherally in the cytoplasm of less severely involved cells and had disappeared entirely in 
cells showing advanced swelling and rarefaction. Similar hepatic cell changes have been 
noted in both dogs and rats as a result of protein-deficient diets.59, 60 In this laboratory, 
such lesions have subsequently been produced within three days in rats on a protein-free 
diet.61 

c. Microscopic Examination—Infected Animals: 

Lymphoid Tissue: In contrast to the findings of Lange and Simmonds,!9 lesions in the 
tracheobronchial lymph nodes usually seemed to be uniformly distributed throughout the 
cortical and medullary portions and consisted of discrete nodules made up of eight to 
twelve epithelioid cells which had coalesced. As in the lungs, no progression of lesions 
beyond this stage was observed. Lesions similar to those of the tracheobronchial nodes 
were found in the spleen. These principally occurred in germinal centers of Malpighian 
follicles, although frequently epithelioid cell nodules were seen in the red pulp. Lympho- 
eytes were relatively rare adjacent to the lesions. Neither necrosis nor coalescence of 
nodules was observed. 

Lungs: The smallest tuberculous lesion consisted of a group of three or four epithe- 
lioid cells which had coalesced to form a syncytial nodule. These epithelioid cells seemed 
identical with those described as alveolar phagocytes in many of the control animals 
(Fig. 1). The coalesced cell nodules usually could not be characterized as typical Langhans’ 
giant cells since the nuclei remained well defined and central, Occasional typical Langhans’ 
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cells were noted. In many instances, lesions were regularly disposed beneath the pleura at 
intervals of 2 to 3 mm., frequently in or near peribronchial or perivascular lymphoid tissue. 
Most lesions showed a few lymphocytes and macrophages at their margins. Occasionally 
« ring of lymphocytes surrounded the epithelioid cell nodule. In most instances this 
arrangement could be seen to result from the multicentric development in lymphatic* or 
lymphoid tissue of epithelioid cell nodules which compressed the intervening lymphocytes. 

Progression of the lesion from this stage consisted merely of coalescence of these 
syneytial masses into larger nodules constituting a mosaic (Fig. 1). An occasional epithe- 
lioid cell contained a rather pale nucleus and more eosinophilic cytoplasm than was evident 
in neighboring cells, but frank necrosis was not noted in any lesion. No further tendency 
toward regression or localization of lesions (e.g., walled-off or circumscribed by fibroblastic 
proliferation) was noted after eight weeks of infection than was evident one week after 
infection. 

Liver: In the liver similar but relatively fewer lesions than were found in the lungs, 
tracheobronchial nodes, or spleen were noted. Characteristically the lesions were in or 
very near the trabeculae and usually consisted of a single epithelioid cell nodule of six to 
ten cells surrounded by a narrow zone of lymphocytes and a few macrophages. In one rat, 
larger lesions composed of coalescent nodules were noted (Fig. 1). 

Kidneys: Kidney lesions were encountered in two rats. One occurred in the cortex 
and the other in a renal papilla. Both lesions were similar to those usually found in the 
lungs and liver and consisted of several coalescent epithelioid cell nodules, each surrounded 
by a narrow zone of lymphocytes and macrophages. 

Testes: The single lesion found in one testicle was similar to those noted elsewhere. 

No lesions were found in the intestine or adrenals, Exudates were present only in 
the serous cavities of two animals which died spontaneously of intercurrent infection. 

Skin: All animals irrespective of infection or dietary status showed considerable reac- 
tion to O. T. injected intracutaneously. Dense round cell infiltration, consisting largely of 
macrophages and lymphocytes, occurred in the deeper layers of the dermis and subcutaneous 
tissues in most rats. Edema and slight hemorrhage were commonly seen in the subcutaneous 
tissues at the site of injection. Local ulceration of the skin was more consistently present 
in infected and chronically protein-deficient animals than in any other group. A few neu- 
trophiles invariably were seen near the base of such ulcerations. 

Organisms: In most lesions tubercle bacilli were found in large numbers (Table I) 
and could often be seen undér low power (Fig. 1). Most commonly, organisms were found 


TABLE I, ESTIMATED AVERAGE INCIDENCE* OF TUBERCLE BACILLI IN TISSUES OF INFECTED RATS 








NUMBER OF 
WEEKS ANIMALS PER PERIBRONCHIAL 
AFTER GROUP LUNG NODES LIVER SPLEEN 
INFEC- DEFI- CON- DEFI- CON- DEFI- CON- DEFI- CON- DEFI- CON- 
TION Cc TROLt CIENT TROL CIENT TROL CIENT TROL CIENT TROL 
2 +o +++ + 4" te U4 + +449 
4 +++ ++a + +a +++ + +a + +4 +++ + +a 
6-8 +d + +8 +b +8 0 0 +b +5 
6-8} +d +b 4a ce 0 0 4b 4+ +A 
*Graded on basis of 0 to +++. 
0 No organisms seen. 
+ = Organisms found after protracted search. 
++ Organisms found readily but not in great numbers. 
+++ = Many organisms. 
{Deficient refers to 8 per cent casein diet; control, 18 per cent casein. 
tBoth 8 per cent and 18 per cent reduced to 2 per cent casein at four weeks, thus repre- 
senting a superimposed deficiency. 
a, Tissues of one animal in this group revealed no organisms. 
b, Tissues of two animals in this group revealed no organisms. 
c, Tissues of three animals in this group revealed no organisms. 
d, Tissues of only one animal in this group revealed organisms after search. 








Awd 





*Lymphatic tissue denoted presence of germinal centers. 
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within the syncytial nodules formed by coalescing epithelioid cells. In the lungs, how- 
éver, they were also frequently encountered in single mononuclear phagocytic cells situated 
along the margins of the alveolar air spaces. Intracellular, acid-fast debris often was 
present in epithelioid cell nodules or in single alveolar phagocytes when organisms were 


not readily found.s® The average incidence of bacilli in tissues examined histologically 





BODY 
weignt 7 
(GMS) 

0 18% INFECTED 

© * conTrot 2 

46% INFECTED 

&*° CONTROL 

~-AMIMALS 150 
REDUCED 

To 
2% PROTEIN 





TOTAL 
RATION 
CONSUMED 2 


(GMS / 24HRS) 
8 





CALORIC 


INTAKE 50 


PER 
100GM. RAT/24HR 
+ 


ee 





NITROGEN 
INTAKE 


PER 


200 
i100 GM.RAT/24HR J 




















PRE-INFECTION POST-INFECTION 





Fig. 2.—Alterations in body weight, ad libitum ration consumption, and estimated ni- 
trogen and caloric intakes associated with tuberculous infection and diet protein deficiency as 
compared with noninfected and diet controls. 


appeared to decrease rather markedly within six to eight weeks after infection was 


initiated. Organisms seemed most persistent in peribronchial nodes and spleen. Diet 


differences exerted no striking influence upon the persistence of organisms in tissues (Table 
1). Rather rapid disappearance or dissolution of bacilli in the rat has been previously 

Differences in diet have been thought to influence the per- 
sistence of lesions or bacilli by some,26-30, 34, 37 not by others,19, 20, 21, 41 


noted,.20, 22, 29, 33, 35, 39, 40 
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IT. Growth.— 

Caloric and Nitrogen Consumption: Weight increments of 3 to 5 grams 
per day on the initial control diets represent an adequate growth rate for this 
age, sex, and strain rat on this 16 per cent casein diet. Weight gain increment 
with increasing age was relatively exponential. Rats subjected to somewhat 
deficient nitrogen intakes (8 per cent casein diets) continued to grow but at a 
considerably slower rate than did controls. A weight increment of 1.5 to 2 
vrams per day followed initiation of the 8 per cent diet, and within nine weeks 
diminished to a —0.2 to 1.0 gram per day increment. Superimposition of severe 
protein deficiency resulted in a progressively greater weight loss in the pre- 
viously well-nourished animals. Infection resulted in no apparent disturbance 
of growth rates irrespective of diet. 

Total ration consumed (grams per twenty-four hours per rat) was some- 
what greater at an 18 per cent than at an 8 per cent diet protein level (12 to 
18 versus 9 to 15 Gm. per twenty-four hours). The unit calorie intake (per 100 
gram rat per twenty-four hours) was similar at both levels of protein intake 
(21 to 45 ealories). The unit ealorie intake diminished with increasing age. 
The estimated nitrogen intake ranged from 150 to 300 mg. nitrogen per 100 
gram rat per twenty-four hours in the well nourished and 75 to 130 mg. nitro- 
gen per 100 gram rat per twenty-four hours in the moderately deficient rats. 
Rats with superimposed severe (2 per cent protein) deficiency consumed 15 to 
30 mg. nitrogen per 100 gram rat per twenty-four hours. Infection induced no 
alteration in ad libitum food consumption. The similarity of unit calorie and 


nitrogen intakes at both diet protein levels suggests that pair-fed inanition con- 
trol data are not essential in these experiments. (ig. 2.) 


III, Blood Studies.— 

Normal values for hemoglobin, leucocyte, and plasma protein concentrations 
in rats of this age, sex, and strain have been previously reported.*® °° Infeetion 
per se did not result in significant alterations in the econeentrations of these 
various components (Table II). 


Total Leucocyte and Differential Counts: Total leucocyte counts did not 
appear to be remarkably altered as a result of either infection or moderate 
dietary protein deficiency. The control animal counts in general tended to be 
slightly higher than reported normal values for other rat strains. They were 
consistent with values ranging from 10 to 20,000 W.B.C. per cubie millimeter 
noted in rats of the same age, sex, and strain on identical diets reported in a pre- 
vious experiment.*® The range of established ‘‘normal’’ values for rat differential 
counts is rather large. The slight intergroup variations noted were well within 
the established range. The data suggest a tendeney toward relative poly- 
morphonuclear leucoeytosis with correlative lymphopenia in both well-nourished 
and moderately deficient rats within twenty-eight postinfection days. This 
tendency was neither constant nor persistent. lew monoeytes were usually 
observed in peripheral smears. Variations in these elements were negligible. 
Accordingly, the theory of monoeyte-lymphocyte response as reflected in the 
peripheral blood in experimental tuberculosis® °° could not be evaluated. 
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TABLE II. AVERAGE CONCENTRATION VARIATIONS OF 131,00) 








DAYS OF INFECTION PREINFECTION PERIOD 14 DAYS 





DIET GROUP 18% 8% 18% 8% 18% 
INFECTION STATUS CONTROL CONTROL INFECTED) CONTROL INFECTED | CONTROL INFECTED | CONTROL 
NUMBER OF ANIMALS 8 8 4 3 5 | 3 4 | 
Hemoglobin5° 15.3 15.2 15.4 14.1 14.2 15.6 
(Hb = Gm./100 ¢.c.) 
12:20 + 0:9 — 15.120.3 
Total protein50 2 7.10 .. 7.08 6.81 6.87 8.09 
(T.P. = Gm./100 e.c.) 
6.60 + 0.1 — 8.07 + 0.07 
Leucocyte Count45 8.3 : 24.0 26.8 26.4 32.2 
(W.B.C./mm.3 in thou 
sands) 
8 — 15,000* 
Polymorphonuclear 
leucocytes45 
(%) 
4 — 25% 
Lymphocytes45 82 d 85 83 82 
(%) 
75-95% 
*Slightly higher total leucocyte counts have been observed in the control rats of this sex and strain 
+Rats previously maintained on 18 per cent casein diet, reduced to 2 per cent casein at twenty-eight 
tRats previously maintained on 8 per cent casein diet, reduced to two per cent casein at twenty-eight 


























Hemoglobin: Hemoglobin concentration values for rats of this age, sex, 
strain, and diet have been established.*° Observed values showed no significant 
rariation from ‘‘normal’’ irrespective of dietary and/or infection status. Sig- 


nificant changes in available circulating hemoglobin are frequently masked by 
lack of apparent change in concentration. This phenomenon has been demon- 
strated previously in relation to protracted moderate protein deficiency.© Com- 
parison of initial (preinfection) and final (forty-two to fifty-eight days later) 
values of unit circulating blood volume and hemoglobin (Table III) suggests 
that a significant diminution of both attended protein deficiency irrespective 


TABLE ILI. AVERAGE VARIATIONS OF CIRCULATING 








PREINFECTION POSTINFECTION PERIOD POSTINFECTION 
DAYS OF INFECTION PERIOD 14 DAYS , 28 


DIET GROUP 18% | 8% 18% 8% 18% 
INFECTION STATUS CONTROL |CONTROL | INFECTED | CONTROL INFECTED | CONTROL INFECTED | CONTROL 


NUMBER OF ANIMALS* 4 3 5 6 


Surface area (SA = cem.2) ; 6 310.0 260.7 278.0 268.2 
Total blood volume (c.c.) .! 5 15.9 10.3 12.6 10.9 
Unit blood volume (BV, = it 5.2! 5.01 3.95 4.49 4.07 
e.c./100 em.2 SA) 
Unit circulating hemoglobin : 0.76 0.61 0.63 0.57 6 0.60 
(CHb, = Gm./BV,) _ 
Total plasma volume (c.c.) 6.25 9 .29 5.63 7.33 6.34 08 5.17 
Unit plasma volume (PV, Hedy | 2. aa 2.16 2.62 9.37 : 1.84 
= ¢.¢e./100 em.2 SA) 
Unit circulating protein | 0.18 2 23 0.15 0.18 0.16 . 0.15 
ce. = GMP.) 
*In general, each animal was subjected to one plasma volume study; occasionally (twelve times), 
one rat individuals. 
#The number of animals contributing to each mean is small; standard deviations from control means @ 
follows: BVt = + 1.07-2.48; BVu = + 0.51-0.57; CHbu = + 9.09-0.10; PVt = + 0.67-1.87; PVu = + 0.38-0.46; Bs 
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OF BLOOD 
(gLLs AND PLASMA PROTEIN WITH DIET AND INFECTION 








42-58 DAYS 
18%t 8% 
_ _8% 18% 2% 8% 2% 
‘FE: TED | CONTROL INFECTED | CONTROL | INFECTED | CONTROL INFECTED | CONTROL INFECTED CONTROL 
5 2 4 = 5 3 8 4 3 
15.6 16.2 16.7 15.3 16.4 15.3 15.1 15.0 14.4 














7.69 7.02 : ; 6.68 6.88 5.88 


22.6 26.5 : 11.5 

















89 
d strain ; 
ity-eight fe" 18 per cent casein diets. 
ity-eight 


of infection status. No consistent relation between concentration and volume 
measurements was evident. Experimental tuberculosis per se appeared to exert 


little significant influence upon unit blood volume or circulating hemoglobin. 
These findings are consistent with those noted in several patients. 
Hematopoiesis: The distribution of cellular elements in the examined 
bone marrows of fifty-seven rats of this series (Table IV) was similar to that 
noted in fifty-two rats of a previous study* and to values reported in twenty- 
four Wistar strain®* and twelve Rockland strain®™ rats. The tendency toward 
an inerease in mature myeloid forms with associated peripheral leucopenia pre- 


ULATING 
PROTEIN AND HEMOGLOBIN WITH DIET AND INFECTION* 








FECTION 
99 BP EXIOD POSTINFECTION PERIOD 
AYS 42-58 DAYS 
ONTROL 18% 18% /2% 8% 8%/2% 
~~. * INFECTED | CONTROL |INFECTED | CONTROL |INFECTED | CONTROL 
73.3 - ee oe 5 3 3 | 3 3 
10.1 291.6 as 343.4 354.4 318.6 286.1 270.0 288.4 263. 224.1 
3.63 : 3 14.4 16.6 11.5 10.4 11.8 Th = i 8.4 
‘ 4.19 4.69 3.65 4.40 3.80 4, 3.82 








: 











0.60 
0.68 0.78 5 0.60 0.67 0.58 : 0.54 
5.17 
1.84 bes 5 7.56 8.47 : 5.41 6.54 6.13 3. 4.58 
2.19 2.39 Af 1.89 2.42 2.10 ‘ 2.09 


0.15 
0.16 0.17 ; 0.13 0.16 0.15 0.12 














times), 





second was done after a two- to three-week interval. Data, therefore, represent determinations on sixty- 
] means 
380.46; np, previously determined in statiscally adequate groups of similar rats under similar conditions were as 
u = £ 0.02—0.03.50, 6 
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TABLE IV. VARIATIONS IN FEMORAL BoNE Marrow CytToLoGy WITH INFECTION AND D1eEt* 








PROPORTIONATE RANGE AND AVERAGE VALUES (%) PER 500 CELLS COUNTED 
‘MMA- mis- | MYELOID-ERYTHROI) 
TURE MATURE | ERYTH- LYM- CEL- RATIO 
DIET AND INFECTION ANI- | MYELOID GRANU- RO- NORMO- , PHO- LANE- MYE- | ERYTH- 
GROUP MALS FORMS LOCYTE BLAST BLAST CYTE OUS LOID ROID M/i 
Well-nourished t 38.1a 22.9 3.9 29.1 4.0 1.9 61.0 33.0 
_| infected 27.8-59.2| 18.4-29.2 | 1.4-6.0| 12.2-37.2| 1.0-5.6| 1.4-2.6 
ne | Well- -nourished ; 3.7 22.0 2.0 29.2 1.8 1.2 65.7 31.2 
‘S| control 36.4-49.6 |17.0-26.2 | 1.6-2.2 | 27.2-31.2| 1.2-2.6| 1.0-1.4 ; 
Deficientt | ~ | 42.0 16.5 5.7 31.2 ae 1.9 
infected 35.8-46.0 | 11.4-22.8 | 4.2-7.4} 26.8-35.8 | 0.6-5.0| 0.8-2.8 
Deficient | . | 35.8 23.6 3. 28.6 5.5 2.6 
control 30.4-41.0 | 23.0-34.8 | 2.8-5.2|23.8-31.6| 4.8-6.6| 1.6-4.6 
|Well-nourished |.” J 19.4 3.6 31.8 3.2 1.5 
infeeted 136.0-44.2 | 13.8-25.2] 1.8-5.6] 30.6-34.0| 2.0-5.4| 0.8-2.4 
Well-nourished |. | 45.! 22.8 3. 25.5 1.3 1.7 
control |” |40,6-50.2 | 22.2-23.6| 1.0-6.8| 20.6-29.6 | 0.6-2.2| 1.2-2.0 
[Deficient | . | 366 23.5 4.5 31.2 1.4 2.0 
infected 34.8-44.8 | 20.8-26.4| 2.8-8.5| 26.7-34.4| 0.6-3.4| 1.6-2.6 
deficient , | 454 | 23.1 3.7 25.3 1.2 1.5 
control " |42.8-47.8 |21.8-24.8 | 3.4-3.8| 23.2-27.0 | 1.0-2.4| 1.0-2.0 
Well-nourished — | 5. 21.5 3.1 25.2 3. 1.7 
infected | ~  |38.0-48.2 | 16.9-24.0] 1.2-7.0| 20.8-30.8 | 2.8-5.2| 1.0-2.2 
/Well-nourished |.) 37.7 | 28.4 3. 26.2 2, 2.2 
control 31.8-43.6 | 28.0-28.8 | 3.0-3.8| 22.8-29.6| 1.2-2.9| 1.4-3.1 
[Deficient | 2s 15.6 5.4 30.9 J 1.0 
| infeeted | “  139.6-48.0 | 5.8-21.2] 3.6-6.4]21.8-37.2| 1.8-9.0| 1.0-2.0 
‘Deficient ta 46.7 | 22.5 3.5 | 22.7 1.7 
control 13.6-52.4 | 22.0-23.4 | 2.6-4.0] 19.2-27.0| 0.8-5.2 | 1.4-2.0 
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a. Average value. 

b, Range of observations. 

*Cytologic differentiation in general followed that of Stasney and Higgins.*3 Immature myeloid 
forms include myeloblasts, promyelocytes, myelocytes, metamyelocytes ; normoblasts include pronormoblasts : 
miscellaneous includes plasma cells, reticulum cells, megakaryocytes, and unclassified cells. 

y+Well-nourished refers to rats on the 18 per cent casein diet; deficient, to rats on the 8 per cent 
easein diet. 

fSuperimposed acute deficiency (18%/2% refers to previously well-nourished rats acutely reduced 
to a 2 per cent casein diet; 8%/2%, to previously deficient rats subjected to further deficiency by acute diet 
reduction to 2 per cent casein level. All determinations were done two weeks after severe diet deficiency 
was initiated. 


viously observed with severe protracted protein deficiency*® was not evident 
at the more moderate level of protein depletion in this experiment. Infected 
animals initially tended to have a slight diminution in immature myeloid or 
mature granulocyte forms in relation to their controls, irrespective of dietary 
status. This observation appears consistent with that of Doan and Sabhin.*®® 
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A suggestive increase of erythroblasts and/or normoblasts also was manifested 
early by infected animals. These changes in cellularity were reflected in the 
myeloid-erythroid ratios. 

In general, differences in hematopoiesis between the diet and infection 
evroups were not striking, but variations in myeloid-erythroid ratios seeme« 
more closely related to infection than to dietary status; however, animals with 
protracted or severe protein deficiency had slightly lower ratios than well- 
nourished animals, regardless of infective status. 


Plasma Proteins: Severe protein restriction superimposed upon a pre- 
viously moderate diet protein deficiency resulted in slight diminution in plasma 
protein coneentration (Table II). Estimation of plasma protein concentration, 
however, affords a poor indication of variation in circulating proteins, par- 
ticularly in protein deficiency states.*® Protein deficiency per se is attended by 
significant decreases in unit cireulating proteins.® Severe diet protein de- 
ficiency imposed upon a previously well-nourished rat appeared to result in 
ereater relative depletion of unit. circulating protein than that observed when 
severe protein restriction was imposed upon a moderately protein-deficient rat 
(Table III). Slight, probably significant, relative increases in unit circulating 
proteins were evident in the first few weeks of the postinfection period in in- 
fected rats irrespective of dietary status. Subsequently, similar changes oc- 
curred in contrasting groups, hence the relative influence of diet or infeetion 
upon the observed cireulating protein depletion cannot be assessed or valid in- 
ferences drawn. In general, the data suggest that unit circulating proteins were 


slightly but presumably significantly (2 + o) inereased in infected animals 
within the three- to four-week period following infection. 


The electrophoretic distribution of plasma protein components varied with 
the dietary status. Fairly adequate resolution of the major plasma protein 
components (albumin, alpha, beta plus fibrinogen, and gamma globulins) was 
possible under the conditions of electrophoresis. The precise differentiation of 
alpha-1 and alpha-2 globulins and of alpha-2 and beta globulins was not always 
satisfactory in the diluted dye-protein solution. Poor demarcation of beta-1 and 
beta-2 globulins commonly occurred. Beta-2 globulins and fibrinogen were noi 
separated in these analyses. An ‘‘f’’ component*® “° with mobility greater than 
that of albumin was usually apparent. However, assuming six components. 
gaussian curves were drawn and resolution and proportionate composition of 
both ascending and descending boundary patterns, excluding the delta and 
epsilon anomalies, were obtained. In order that the. data might be compared 
with that previously reported in the same strain under rather similar cireum- 
stances, extended compositional description was attempted despite the above- 
mentioned limitations. With these reservations, the plasma composition of 
several experimental groups is presented in Table V. The available data, how- 
ever, permit comparison of the influence of diet and infection at fourteen and 
twenty-eight days after infection was initiated and twenty-eight and forty-two 
days after moderate dietary protein depletion was begun. 
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TABLE V. ELECTROPHORETIC VARIATIONS IN PLAS prove 








NUMBER] TOTAL PLASMA 
OF PROTEIN 

ANI- CONCENTRATION ALBU- 

GROUP MALS (GM. %) MIN Qa, Bo + 


18% control! 3 6.85 5 48.2 14.0 , 31 172 


PER CENT PLASMA COMPOSITION* 








18% infected2 7.44 i 55.6 11.0 i : 15.1 
8% control! : 5.68 f 36.6 12.9 ; k 20.5 
8% infected2 .- f 5.84 é 42.8 12.6 : : 21.6 
8% infected1 5.68 , 44.4 14,2 : 5s 18.2 

1, Twenty-eight days after infection initiated, forty-two days after protein depletion began in 8 pe 

2, Fourteen days after infection initiated, twenty-eight days after protein depletion began in 8 per cent 

The unit circulating protein composition data in parentheses represent values obtained in_ anothej 
son with the 18 per cent infected rats of this experiment since similar unit circulating protein values wer 
trol group of this experiment remains unexplained. 

*Somewhat arbitrary values derived from relative areal resolution and representing average per cen 

+Derived from the product of the plasma protein concentration of the pool and the per cent areal com# 

tRepresents the product of the average unit circulating proteins (Table III) derived from the plasm 
solved schlieren pattern. : 

§Unit circulating protein (Table ITI). 
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As usually noted, protein deficiency was attended by relative decrease in 
the proportion of plasma albumin. The relative proportions of alpha, beta, and 
gamma globulins did not appear unusually inereased in the well-nourished, 
infected animals and were similar to observed values in the well-nourished, non- 
infected group. This observation is in contrast to those reported in tuberculous 
infection of rabbits’! and man.’2 However, in the protein-deficient groups, the 
proportions of alpha-2 and beta globulins seemed increased irrespective of in- 


feetious status. Diet deficiency with albumin depletion, commonly associated 
with the moderately advanced phases of tuberculosis, may account for the re- 
ported changes in the globulin fractions, as recently suggested.”* In accord 
with this hypothesis, consistent decrease in proportion of albumin in the data 
of Seibert and co-workers*' *? suggests that both animals and patients may have 
been protein deficient. Constancy of simple serum protein concentration values 
may be misleading in this regard owing to plasma volume lability and/or al- 
terations in relative proportions of the various components. 

Concentrations of the various plasma components in Table V were calcu- 
lated from the proportionate composition of schlieren patterns and total plasma 
protein concentrations of the respective pools. Since unit circulating protein 
data appear to be more reliable than simple concentration measurements as an 
indicator of plasma protein variation, the total circulating amount of each 
plasma protein component in the vascular compartment was also ecaleulated and 
adjusted to unit value. The arbitrary values obtained were dependent upon 
limitations in techniques of resolution of electrophoretic components, plasma 
protein concentrations, and mean unit plasma volume determinations. The 
data, therefore, may be more relative than absolute. The results remain pro- 
portional, however, since the errors were largely systematic, Unit circulating 
plasma protein composition reveals the rather marked albumin depletion at- 
tending protein deficiency. With this method of calculation, no significant 
aberration in any of the unit cireulating globulin components was observed in 
response to tuberculous infection, regardless of diet or degree of albumin de- 
pletion, 
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ProveINS WitH TUBERCULOUS INFECTION AND DIET 








\)NCENTRATION OF PRINCIPALt 
» ASMA PROTEIN COMPONENTS UNIT CIRCULATING PLASMA PROTEIN COMPOSITION 
(GM./100 C.c.) (GM./UNIT PLASMA VOLUME) ¢ 

ALBU- " ALBU- TOTAL 

MIN a, | By nist lad MIN ay Qs By B+ Y (CPu) § 
0.51 | 0.43} 1. ; 0.002 0.072 | 0.021 | 0.011 | 0.009 | 0.026 | 0.008 | 0.15 
(0.006) | (0.120) |(0.024) | (0.012)|(0.008) | (0.033)}(0.016) | (0.22) 
0.43 | 0.39] 1. ; 0.004 0.128 | 0.025 | 0.016 | 0.013 | 0.035 | 0.013 | 0.23 
0.69 | 0.40} 1. : 0.004 0.059 | 0.021 | 0.019 | 0.011 | 0.033 | 0.013 | 0.16 
0.54 | 0.34] 1. y 0.005 0.077 | 0.023 | 0.017 | 0.010 | 0.039 | 0.009 | 0.18 
0.51 | 0.31] 1. . 0.002 0.067 | 0.021 | 0.013 | 0.008 | 0.027 | 0.011 | 0.15 





















































iet group. 

sroup. 

of control rats of the same age, sex, strain, and diet.45 These values are presented for compari- 
ved. The unusually low plasma volume and unit circulating proteins of the particular 18 per cent con- 


sition of ascending and descending boundary patterns. 
siti of the resolved schlieren pattern. 
@prote:n concentration, plasma volume, and surface area, and the per cent areal composition of the re- 


COMMENT 


The possible relation of tuberculosis to specific nutritional deficiency is 
attended by considerable practical interest. The chemical, physiologic, im- 
munologie, and clinical attributes of protein have stimulated rather extensive 
speculation in this regard. Variations in blood or plasma component measure- 
ments, particularly plasma proteins, associated with this chronic disease would 
seem to afford information pertaining to effect rather than cause. 

The concept of protein deficiency as a primary cause of increased suscepti- 
bility or decreased resistance to tuberculosis hag arisen by inference largely 
derived from epidemiologic, and favored by clinical, experience. The conelu- 
sion of Faber is most commonly cited in this regard: ‘‘...A gross underfeeding 
with the animal, body building nutritives reduces resistance against tubereu- 
losis.”’* This hypothesis was derived from over-all tuberculosis mortality data 
increments associated with a decrease of from forty-two to thirty-seven per 
cent in ‘‘animal foodstuff’’ (protein) composition of a diet affording approxi- 
mately 2,800 to 3,000 calories during the war years 1914 to 1916. Present con- 
cepts of protein nutrition suggest that such a diet be considered reasonably 
adequate for maintenance of nitrogen equilibrium.“ The marked variation 
in host and pathogen response dependent upon species, genetic characters, diet 
factors, and physiologie status in the presence of infection with Myco. tuber- 
culosis, not to mention the usual, important, commonly associated socioeconomic 
considerations, has impeded collection of conclusive experimental data. 

In an endeavor to define more closely the possible relation of dietary pro- 
tein deficiency to inferred alterations in susceptibility to or course of tuber- 
culosis, infection was initiated in the rat under controlled conditions. Several 
concomitant physiopathologic responses to intravenous inoculation of Myco. 
tuberculosis (H87RV) in rats on adequate dietary protein intakes (nitrogen, 
134 to 481 mg. N per twenty-four hours per 100 gram rat) and moderately de- 
ficient protein levels (nitrogen, 68 to 177 mg. N per twenty-four hours per 100 
gram rat) were observed and correlated. Since relatively few animals were in- 
volved in this particular experiment—thirty-nine infected, twelve injected with 
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heat-killed organisms, and thirteen serving as diet controls—the limited data on 
biologic material necessitate some degree of statistical inadequacy. Results of 
this and preliminary experiments manifested reproducible consistency. 

Summation of the data would seem to favor the concept that dietary protein 
deficieney—whether moderate or severe, acute or chronic, superimposed upon 
a previously adequate or inadequate state of protein nutriture—does not sig- 
nificantly alter the susceptibility, resistance, or course of infection with Myco. 
tuberculosis (H387RV) in the young, growing rat under the conditions of this 
study. 

Correlation of these observed phenomena associated with the initiation and 
course of experimental tuberculosis suggests that a somewhat similar approach 
to the problem in the human being may vield useful, objective data. Until 
such data become available, clinical inference derived from observations on 
nonindigenous disease in the malnourished rat must be attended by considerable 
reservation. 






























SUMMARY 





1. Intravenous inoculation of viable Myco. tuberculosis resulted in definite 
eranulomatous lesions in lymphoid tissue, lungs, and liver, characterized by 
coalesced epithelioid cell nodules, usually with persistent nuclei and ringed by 
Ivmphoeytes and few macrophages. Necrosis was not observed. 








2. The lesions attained maximal development within four weeks after in- 
fection. Recognizable organisms had largely disappeared within eight weeks. 

3. No significant difference in the form, incidence, or duration of the speci- 
fic lesion was observed between. well-nourished, moderately, or severly protein- 
deficient animals. No deaths attributable to the infection per se were noted in 
the forty-two or fifty-eight day postinfection period. 





4. Changes in total white blood cells, hemoglobin and plasma protein con- 
centrations, as well as in circulating hemoglobin and plasma protein, were con- 
sistent with those previously observed in protein-deficient animals. No signifi- 
‘ant variation in the measurements attended infection per se. 

5. Bone marrow studies suggested equivocal changes of myeloid-erythroid 
ratio in infected animals. 

6. Electrophoretic analyses of the circulating plasma proteins revealed 
apparent increases in the alpha and beta globulin components of the simple 
areal pattern. No such variation was evident when unit cireulating quantities 
of plasma components were estimated. No specific plasma protein changes re- 





sulted from infection per se. 

7. Under the conditions of this study, dietary protein deficiency did not 
appear to alter the susceptibility, resistance, course, or physiologic response of 
the voung rat to experimental tuberculosis. 

We are indebted to Miss Campbell of the Department of Bacteriology of Harvard 
Medical School for the subeulture of H57RV used; to Dr. E. J. Cohn and Dr. J. L. Oneley 
for making the Tiselius apparatus available to us; and to Dr. 8S. B. Wolbach and Dr. S. 
Farber for reviewing several typical sections. heir interpretation of the slides was con- 


sistent with the observations in this paper. 
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RESISTANCE OF THE TUBERCLE BACILLUS TO STREPTOMYCIN 


BENJAMIN BLatTBERG, M.A., AND HELEN ExnRHORN, B.S. 
StTatTeEN ISuanp, N. Y. 


HIS work is an addendum to the joint Veterans Administration, Army, 

and Navy investigation into the effects of streptomycin on human tuber- 
culosis. It concerns itself primarily with the development by the tubercle ba- 
cillus of in vivo resistance to streptomycin and the periodic estimation of this 
resistance as tested in Dubos liquid media. Other factors, such as streptomycin 
blood levels, sputum conversion, and a possible explanation for the post-thera- 
peutic emergence of strains resistant to the antibiotic, are also considered. 

Thirty-nine patients from whom tubercle bacilli had been recovered and 
tested for streptomycin resistance were injected intramuscularly for ninety to 
one hundred eighty days, with 1 Gm. per day of streptomycin (Merck) in 
divided doses twelve hours apart. Streptomycin blood levels were determined 
at intervals after therapy was instituted. Periodically, through the course of 
treatment and subsequent to it, sputa were cultured and titrated against strep- 
tomycin to determine the rate and degree to which the tuberele bacilli had be- 
come resistant. 

METHODS 


Smear and Culture.—The procedure followed for the concentration and the 
staining of tuberele bacilli was that outlined by Schain and co-workers.’ It 
consists, briefly, of using Tergitol (surface tension depressant) and Javelle water 
as concentrating agents, in conjunction with a nonaleoholie fuchsin for staining. 

The culture technique was essentially that of Petroff, but differed in that 
250 ¢.c. sterile centrifuge bottles were used as containers. 

Complete gastric samples or as much as 125 ¢.c. of sputum could be digested 
at one time instead of the 5 to 10 ¢.c. commonly employed. The prepared sedi- 
ment was inoculated onto Petragnani slants and incubated up to eight weeks. 
Transfers were made to a modified Dubos liquid media* as soon as growth ap- 
peared. 

Resistances.—_Streptomyecin resistance tests were performed by inoculating 
0.1 ¢.c. of a six- to ten-day growth (approximately 0.05 mg. dry weight) of 


From the Laboratory Service, Halloran Veterans Administration Hospital. 

Published with permission of the Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions expressed 
or conclusions drawn by the authors. 

Received for publication, Oct. 21, 1948. 

*The media consisted of Bacto-asparagine, 2 Gm.; sodium citrate 2 H20, 1.5 Gm.; 
Na2HPO4.12H20, 6,3 Gm.; KH2P04, 1 Gm.; MgSO4.7H20, 0.6 Gm.; and Tween 80, 2 c.c. made 
up to 880 ¢.c. with distilled water and autoclaved at fifteen pounds for twenty minutes. One 
hundred cubic centimeters of a 5 per cent solution of bovine albumin, made up in 2 per cent 
NaCl, were inactivated at 56° C. for thirty minutes, Seitz filtered, and added aseptically to the 
media, as were 20 c.c. of a 10 per cent dextrose solution, to give a total of 1 liter of media 
at pH 6.7. 

As the bacteriostatic action of Tween 80 on the tubercle bacillus is explained by its con- 
tent (0.6%) of unesterified oleic acid,? bovine albumin*® (M. W. 70,000) is added in the ratio of 
50 to 100 parts by weight to one of oleic acid (M. W. 282)% in order to bind the fatty 
acid and thereby neutralize its toxic effect. Two grams of Tween 80 and 5 Gm. of bovine 
albumin give five to ten times the amount of albumin necessary to prevent inhibition of the 
tubercle bacillus by the oleic acid. 
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tubercle bacilli grown in Dubos liquid media into 5 ¢.c. amounts of the same 
medium containing an increasing number of micrograms of streptomycin per 
cubic centimeter, i.e., 0.5, 1, 2.5, 5, 10, 15, 31, 62, 125, 250, 500, 1,000. A control 
tube sans streptomycin was added to each test. 

The cultures were examined after fourteen days of incubation to determine 
the concentration of streptomycin in which growth appeared. At this time the 
control tube showed maximum (four plus) growth.* 

Blood Levels—Streptomycin blood levels were determined by the method of 
Pulaski and Sprinz.6 (A) A six-hour growth of Klebsiella pneumoniae in F.D.A. 
broth (single strength) was diluted 1 to 50 in double strength F.D.A. One 
cubie centimeter was then added to 1 ¢.c. of serial saline dilutions of the patient’s 
serum to give a total of 2 ¢.c. and a final concentration of 1:2 to 1:64 of the 
serum. (B) As a control, 0.1 ¢.c. of a stock solution containing 320 wg per cubic 
centimeter of streptomycin was added to 0.9 ¢.c. of pooled normal sera. This 
was serially diluted with 0.5 ¢.c. amounts of sterile saline to give concentrations 
of 32 to 1 wg per cubic centimeter. Five-tenths cubic centimeter of the culture 
of K. pneumoniae diluted 1 to 50 was then added making final dilutions of 16 to 
0.5 we per cubie centimeter in a volume of 1 cubic centimeter. (C) After over- 
night incubation at 37° C. the inhibition was determined by noting the last tube 
(in A and B) in which there was no growth and dividing the control (B) in 
micrograms per cubic centimeter by the dilution (A) to give the number of 
micrograms of streptomycin in 1 ¢.e. of patient’s serum. 


RESULTS 
Resistance in the 1 Gram Group.—Table I shows the highest concentration 
of streptomycin in which the particular strain of tubercle bacillus grew and 
the number of days of therapy after which the organisms developed resistance 
to the antibiotic. Growth in 10 yg was the criterion used to indicate strepto- 
mycin resistance. 


TABLE II. SuMMARyY OF TABLE I; NUMBER AND PER CENT OF PATIENTS BECOMING 
RESISTANT AT INTERVALS DURING THERAPY 








PER 

| CENT 

PA- TOTAL INDI- | INDI- | INDI- RESIS- 

DAYS TIENTS | TESTED | CATEDt | TESTED | CATEDt | TESTED | meer TANT 
Pretherapy 32 32 - 32 - - 0 
30 30 : ay 13 - ~ 0 
60 24 5 9 13 2 if 13 
90 2 11 11 6 2 29 
100-120* 31 2% 6 14 5 11 3 45 
120 19 ‘ - 10 9 48 


*The 120 day total is included in the 100 to 120 day group. 


TBy indicated is meant the streptomycin resistance which would in all probability result 
had cultures been obtained and resistances determined, i.e., in Table I, Patient 28 would be con- 
sidered resistant from ninety days onward; for Patient 2, after seventy days there would be 
no indication; for Patient 6 there would be no indication between forty and eighty days and 
would be 1,000 after ninety days. It should be noted that a few cases have been reported 
in which cultures have been found to revert from resistant to sensitive.4 2 However, in well 
over 500 sensitivity titrations from cultures on ninety-six patients, we failed to find a single 
instance of decreased resistance of any significance. 


TOTAL TOTAL | SENSITIVE | RESISTANT 











*A comparison was made between streptomycin resistance readings obtained with the 
media described and the Tween-albumin medium for submerged-dispersed growth, subsequently 
described by Dubos and Middlebrook.’ In a total of one hundred duplicate tests, there was 
complete agreement in eighty-eight cases. Of the twelve remaining titrations, ten showed higher 
growth in the newer medium and two in the older. However, in only one instance would a 
strain of tubercle bacillus have been considered sensitive in one media and resistant in the other. 
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It may be observed from Table I, as summarized in Table II, that none of 
the thirty-two strains tested before therapy was resistant to 2.5 ug per cubic 
centimeter of streptomycin. At the end of thirty days of treatment, resistance 
was still absent in all of thirty patients. However, at the end of sixty days, 13 
per cent of twenty-four patients had developed resistance; at ninety days, 29 
per cent of twenty-eight patients, and at 100 to 120 days, 45 per cent of thirty- 
one patients had become resistant to streptomycin. 

Resistance in the 1.8 to 2.4 Gram Group.—Previous to the inauguration of 
the 1 Gm. protocol, six patients had been treated with 1.8 to 2.4 Gm. of strepto- 
mycin daily. Tests of these strains after 100 to 120 days of therapy showed that 
83 per cent had become resistant to 10 »g per cubie centimeter, 17 per cent re- 
maining sensitive. 


TABLE III. POSTSTREPTOMYCIN RESISTANCE; 1.8 To 2.4 GM. DAILY 








RESIST- 
ANCE 
AT END 
OF 
DAYS THER- 
OF APY - 

PA- TREAT- (uG/ POSTSTREPTOMYCIN* (MO.) 
TIENT | MENT G.C.) a me Se te oe eh md, ea ee 
104 120 15 1,000 1,000 1,000 

101 240 1,000 1,000 1,000 
105 120 

107 120 

109 220 1,000 1,000 1,000 
110 120 5 
Aaa 120 

112 120 d 62 

113 100 15 1,000 1,000 

114 210 1,000 

116 120 i 0.5 0.5 0.5 

15 120 ol 15 15 10 
118 150 0 
118A 120 1,000 1,000 

119 120 0.5 0.5 
i3Z 120 62 62 




















118A, Second course of treatment for Patient 118. 

Patients 104, 113, and 118A are cases from Halloran Hospital. All others were transferred 
to this hospital after completion of streptomycin therapy. 

*Resistances in micrograms per cubic centimeter. Growth in 10 wg per cubic centimeter 
indicates resistant strain. 


A number of patients under the 1.8 to 2.4 Gm. treatment (on whom no 
previous sensitivities had been performed) were transferred to Halloran Hos- 
pital after therapy had been completed. Table III indicates the results of post- 
streptomycin resistance tests on thirteen of these transferred patients and three 
of our own (Patients 104, 113, 118A). It is of interest to note that two patients 
in this group (104 and 113) as well as two in the 1 Gm. group (9 and 16) be- 
came considerably more resistant to streptomycin after the completion of 
therapy.* 


*These sensitivities were checked and rechecked. 
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Serum Levels.—Table IV indicates the range and average level of strepto- 
mycin in micrograms per cubic centimeter detected in the serum of the treated 
patients after thirty days or more of therapy. It may be seen that the average 
serum level dropped rapidly from 33 pg at two hours to 8.6 at eight and then 
tapered off to 1.7 ng at twelve hours. 


TABLE IV. STREPTOMYCIN SERUM LEVEL IN PATIENTS RECEIVING 1 GRAM (0.5 x 2) DaAtILy* 








HR. AFTER NUMBER OF 
ee RANGE (4G/C.C. ) SPECIMENS AVERAGE LEVEL 
16-64 21 33 
16-32 y 21.3 
8-16 11.5 
4-16 8.6 
ed 4- 8 6.0 
2 0- 4 : 1.7 


*Levels taken after thirty days of therapy. 








DISCUSSION 


One of the greatest problems in the streptomycin therapy of tuberculosis 
is the varying rate of time necessary for the tubercle bacillus to become resistant 
to this antibiotic. In an effort to combat this difficulty and the effects of toxicity, 
many variations in the amount of streptomycin, the number of daily injections, 
and the duration of therapy have been tried, both by the Veterans Administra- 
tion and other investigators. 


TABLE V 


. PER CONSIDERED 
DAYS OF | NUMBER | NUMBER | NUMBER CENT RESISTANT 
| 








OF SENSI- RESIST- | RESIST- IF NOT IN- 
CASES TIVE ANT ANT HIBITED BY: 


| GM. PER | TREAT- 
| DAY | MENT 


INVESTIGATOR 








Muschenheim? 3 75-120 17 l 16 94.0 500 ug/e.e. 
] 42 12 10 1 9.0 500 weg /e.e. 

MeDermott8 ? 90-100 20 l 19 95.0 500 ug/e.e. 
VA9 1.8 - ¢ 60-120 62 23 39 63.0 20 we/e.e. 
Fisher4 .! 120 20 9 1] 59.0 10 wg/e.e. 
VA10 8- 120 88 69 78.0 10 wg/e.e. 
60-90 64.0 10 wg/e.e. 

VAI1 90 61.0 10 wg/e.e. 
120 76.0 10 ug/e.e. 

VAIS 61-90 43.5 10 we /e.e. 
91-120 62.4 10 we/e.e. 


~] Ot =] =] 





Table V illustrates some of the results of other investigators. It will be 
observed that the Veterans Administration’? obtained 78 per cent resistant 
strains after 120 days of 1.8 to 2 Gm. of streptomycin daily. On the other hand, 
a regime of 1 Gm. for forty-two days’ is reported to have resulted in 9 per cent 
resistant organisms at the completion of therapy. Other reports on the 1 Gm. 
dose"! showed 61 per cent resistant strains at ninety days and 76 per cent at 120 
days. The most recent Veterans Administration’ results indicate 438.5 per cent 
of 115 patients resistant sixty-one to ninety days after the beginning of treat- 
ment with 1 Gm. daily. 

Halloran Hospital was on the 1 Gm. 120 day protocol, and the work done 
here suggests that somewhat less streptomyein resistance had been obtained 
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than was observed by other laboratories. The 13 per cent found resistant at the 
end of sixty days and the 29 per cent at ninety days might have a significant 
bearing on streptomycin therapy if corroborated on a much larger scale. 

It has been our observation and that of others® that there is an apparent 
correlation between the appearance of resistance in vitro and progression of 
tuberculous infections. In the ideal situation, therapy would be continued as 
long as. possible without producing drug fastness. Reduction in dosage and 
duration of treatment has been tried.“ On the other hand, there is some evidence 
to show that intermittent injections or short series of injections?* may prove to 
vive the best effect, especially as it has not been demonstrated that a high blood 
level of streptomycin must be maintained,'® !” 2° ag is the ease in sulfa therapy. 

Resistance Acquired During Therapy.—During therapy, the naturally re- 
sistant variants of the patient’s tubercle bacilli'!??"\ survive and multiply, 
thereby slowly increasing their relative proportion in the strain. In addition 
to selection, it seems probable that mutation in the direction of organisms with 
ereater resistance to streptomycin also takes place?’; otherwise it would be dif- 
ficult to explain the development.of increased resistance, beyond that demon- 
strated in vitro by a few colonies of the strain, prior to therapy. If mutation 
does take place it must be due to the action of the streptomycin, as the drug is 
the only new factor in the treatment of the patient. 

Resistance Acquired Post Therapy.—lIt is not without significance that in 
four patients (Patients 9 and 16 in Table I, and 104 and 113 in Table III) of a 
total of twenty-one in whom pre- and poststreptomyecin resistances were deter- 
mined, the tubercle bacilli became considerably more resistant after the com- 
pletion of treatment. In the light of these instances, perhaps it would be advis- 
able to wait for a number of montlis post therapy before final decision is made 
regarding the degree of resistance attained by the particular strains. 

Streptomycin Assay.—The wide range in the number of micrograms of 
streptomycin detected in the patient’s serum, after given intervals of time (16 
to 64 pg, at two hours, Table IV), may be accounted for by the fact that the 
assay method used permits determinations no closer than multiples of 4 yg 
(i.e., 0, 4, 8, 16, 32, 64), and also that 0.5 Gm. of streptomycin was administered 
twice daily to all patients regardless of body weight. 

Sputum Conversion.—The absence of tubercle bacilli in smears and con- 
centrates is one of the standards set by the National Tuberculosis Association 


TABLE VI. SPUTUM CONVERSION IN STREPTOMYCIN TREATED PATIENTS 








NUMBER 
GM./ | NUMBER Or CONVERSIONS 
INVESTIGATOR DAY OF DAYS | CASES | NUMBER | % CRITERIA 
VA10 1.8 120 190 82 43 69 by culture, 138 by 
smear 
Oteens 1.8 120 21 14 Culture and smear 
1.0 120 4 Culture and smear 








‘ 
San Fernando14* 2.0 120 109 7 36 cultures, 36 
smears 
Willis15 90 23 g 
Hinshaw'16 1-2 60-180 28 é Culture or guinea 


pig 





*Also had 65 per cent conversions in the I Gm. group. 
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for the classification of a patient as ‘‘apparently arrested.’’? The disappearance 

‘of tubercle bacilli in previously positive secretions suggests that the process has 
become arrested. However, there is still much confusion in the literature con- 
cerning the standards for sputum conversion. 

Table VI is a compilation of the results obtained by various investigators. 
The criteria for conversion ranged from a stained smear to guinea pig inocula- 
tion, and the per cent of conversion from 43 to 74. The Veterans Administra- 
tion’? has taken a step toward clearing this situation in deciding that cultures 
must be negative for three successive months before classification as a sputum 
conversion. 

On the basis of smears and concentrates, 41 per cent of the thirty-nine pa- 
tients reported in this study would be classified as ‘‘apparently arrested.’’ How- 
ever, only three (8 per cent) patients could qualify as conversions by the criteria 
of the Veterans Administration (Patients 12, 18, and 38 in Table I). 

Patient 12 was negative on three monthly cultures obtained post therapy, 
although the sputum did show Gaffky counts of IV, I], and III on those con- 
centrates. This may be due to the fact that the organisms were not viable during 
this period. 

During the early period of therapy the sputum of Patient 18 was a Gaffky 
VII. After forty-five days of treatment both smear and culture became nega- 
tive and continued so for more than three months. 

Patient 38 at the start of treatment showed a negative smear with a posi- 
tive culture. After fifty days of streptomycin both were negative and remained 
so for the required period of time. 


CONCLUSIONS 


1. The resistance to streptomycin developed by the tubercle bacillus in 
secretions of thirty-nine patients with pulmonary tuberculosis has been reported. 

2. A regime of 1 Gm. of streptomycin daily in two doses twelve hours apart 
induced no resistant strains at the end of thirty days of therapy. After sixty 
days, 13 per cent were resistant; after ninety days, 29 per cent and after 120 
days, 45 per cent. 

3. In four patients (19 per cent of those tested) resistance greatly increased 
after the cessation of streptomycin treatment. It would therefore seem advis- 
able to postpone final decision on the number of strains which become resistant, 
as a result of a streptomycin regime, until a number of months after the ecom- 
pletion of therapy. 

Grateful acknowledgement is made to Dr. Philip Schain for his interest, assistance, and 
advice in this work. 
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AUREOMYCIN AFTER ORAL AND INTRAMUSCULAR 
ADMINISTRATION 


Mark H. Lepper, M.D., Harry F. Downe, M.D., Ropert L. Brickuouse, M.D., 
AND Eston R. CALDWELL, JR., M.D. 
WASHINGTON, D. C. 


UREOMYCIN* is a recently developed antibiotic derived from Streptomyces 

aureofaciens. It has a wide antimicrobial spectrum both in vitro and in 
animals. Early trials in various human infections have yielded promising 
results. It seemed important, therefore, to determine the size of the doses and 
the intervals between administration which were necessary to maintain demon- 
strable concentrations of aureomyecin in the blood. The results of such a study 
are reported in the present paper. 

METHOD 

Since it was soon found! that aureomycin was inactivated too rapidly in vitro to 
determine bacteriostatic concentrations by a twenty-four hour serial dilution method 
analogous to the one commonly used to determine penicillin concentrations, a modification 
of the procedure of Dornbush2 was adopted. Tryptose phosphate broth was serially diluted 
by halves in the usual manner with Bacillus cereust as the test organism and the results 
were read after four hours of incubation at 37° C. in a water bath. 

The antibiotic was administered to patients orally or intramuscularly in doses shown in 
Table I. Many patients received only a single dose, whereas others who were being treated 
for an infection had blood drawn after the first dose and at some later date (Table I). 


RESULTS 


Three different dosage regimens were investigated in detail: 100 mg. ad- 
ministered intramuscularly, and 300 and 700 mg. given by mouth. When 10 
mg. per kilogram were given to a child, we considered it in the same category 
as 700 mg. in an adult. 

When the antibiotic was given orally, the highest coneentrations were 
obtained in the majority of individual patients at the third heur and in a few 
at the sixth hour, particularly when the larger dose was employed. In only one 
patient was the concentration highest at the first hour. A detectable concen- 
tration of aureomycin was present at the eighth hour in all the samples of blood 
taken at that time. Aureomyein could be detected in twenty-six of the thirty- 
two specimens collected twelve hours after administration of a single dose; in 
four of the twelve specimens obtained eighteen hours after administration; and 
in eight of the thirty specimens collected at twenty-four hours. In general, the 
concentrations obtained from a dose of 700 mg. orally were higher than those 


Krom the George Washington University Medical Division, Gallinger Municipal Hospital, 
and the Department of Medicine, George Washington University. 

Received for publication, Sept. 23, 1948. 

*Supplied by the Lederle Laboratories Division, American Cyanamid Company. 

TThis strain was known as Bacillus No. 5 ‘and was supplied by Mr. A. C. Dornbush. 
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MEAN BLOOD CONCENTRATIONS OF AUREOMYCIN IN PATIENTS 
RECEIVING VARIOUS DOSES BY ORAL sti INTRAMUSCULAR ROUTES 
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obtained when 300 mg. were given by the same route. This is shown graphically 
in Fig. 1, where the mean blood concentrations are plotted against time. When 
100 mg. were administered intramuscularly, the situation was somewhat altered. 
One third of the patients showed the highest concentration at the first hour, one 
third at the third hour, and in one third the first and third hour levels were the 
same. In all patients the concentration had decreased by the sixth hour. The 
mean curve (Fig. 1) contrasts these differences sharply with those obtained after 
oral medication. 

There are too few patients who received higher doses intramuscularly to 
reach any conclusions, but it appears that the concentrations were maintained 
for a longer period of time but were not appreciably higher than when 100 mg. 
were given. 

In the ease of some of the patients who were treated over a period of several 
days, initial levels were determined after the first dose and these were repeated 
after several days. When the drug was administered at six-hour intervals, the 
blood concentration was essentially the same for each individual patient, indicat- 
ing that no appreciable amount of piling up occurred. On the other hand when 
the interval was shortened to three hours, the levels were somewhat higher and 
the two patients whose blood was tested at various intervals after the start of 
treatment showed higher levels after several days of treatment. 

Cerebrospinal fluid concentrations were measured on twelve oceasions in 
nine patients, as shown in Table II. It seems likely that the penetration of the 
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antibiotic into the cerebrospinal fiuid is a function both of duration of treat- 
ment and height of the blood aureomycin concentration. In the one patient 
with meningitis who was tested, the presence of meningeal inflammation did not 
seem to facilitate the passage of the antibiotic. 


TABLE II. SprInaL FLurp AUREOMYCIN CONCENTRATIONS IN MICROGRAMS PER CUBIC 
CENTIMETER COMPARED WITH BLOOD CONCENTRATIONS AND DURATION OF TREATMENT 








BLOOD 
CONCENTRATION |_ DAY OF TREATMENT 


(HG/C.C.) | | 3 
0.13 








0.25 
1.00 


2.00 
4.00 
Unknown 





*Patient had meningitis. 


In one patient it was possible to collect two-hour fractional urines over the 
first six hours following administration of 1,000 mg. by mouth. As can be seen 
(Table I), about 10 per cent of the material was recovered in the urine during 
that period, and the urinary concentrations were quite high, being about 100 
times that of the blood, or approximately what one would expect in the ease of 
a glomerular filtrate which was not reabsorbed by the tubules. 

In one patient: it was possible to obtain a measure of activity of the breast 


milk three days after starting treatment, at a time when the blood concentration 
was 2.0 micrograms per cubic centimeter. No antibiotic was demonstrated. 


DISCUSSION 

While this study indicates that oral doses of 5 to 10 mg. per kilogram of 
body weight at six-hour intervals are sufficient to assure measurable amounts of 
aureomyein consistently in the blood, the optimal dosage schedule still needs to 
be worked out. From our data it would appear that oral administration at 
shorter intervals than six hours may increase the height of the level, while if a 
six-hour interval is maintained there is no piling up. On the other hand, if low 
continuous levels are desired, larger doses at longer intervals should maintain 
these with a minimum of disturbance to the patient. Our data suggest that the 
same is probably true for intramuscular administration and that large doses by 
this route at fairly short intervals will possibly give the highest concentrations. 
This has been impractical however, since even with the use of procaine as a 
diluent there is still too much pain following injection for routine use. Since 
the antibiotic is so scarce, we have not evaluated the value of a high initial dose 
(4 to 6 Gm.), but such a procedure may aid in reaching higher concentrations 
more rapidly. 

A second problem remains as to what the therapeutic significance of such 
levels are. Some information is available which indicates that the effective blood 
concentration depends on the etiologic organism and that in some diseases the 
levels demonstrated in this paper are adequate, whereas in others they have 
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been insufficient. Thus, the two patients with Rocky Mountain spotted fever 
seemed to make an excellent response to therapy, as did the two patients with 
pneumocoecie infections. The abscess caused by A. aerogenes healed rapidly, 
but the patient with endocarditis did not respond to treatment. Moreover, none 
of the four patients with typhoid had what could be called a response to therapy. 
It would appear, therefore, that for treatment of certain infections, concentra- 
tions in the neighborhood of 0.1 to 2.0 ug per cubic centimeter may be enough, 
whereas in other infections larger doses at shorter intervals will have to be tried. 
The good response of five other patients with Rocky Mountain spotted fever 
and two with pneumococcic pneumonia on whom levels were not obtained but 
who received equivalent dosage bears out this impression. 

The data on the spinal fluid thus far obtained indicate that there is some 
likelihood of obtaining therapeutie concentrations in this fluid by oral or par- 
enteral administration. That the one patient with pneumococcie meningitis 
whom we have treated recovered with the use of aureomycin administered by 
the oral route only is of importance in this regard. Details of the clinical use 
of this antibiotic will be reported subsequently. 


SUMMARY AND CONCLUSIONS 


1. Blood, cerebrospinal fluid, urine, and milk concentrations have been 
measured following the administration of aureomyein orally and intramus- 
cularly in doses of 100 to 1,000 mg. in adults and equivalent amounts in children. 
In general the higher doses administered by either route tended to prolong the 


duration of demonstrable activity in the blood and to a lesser extent to increase 
the peak concentration. 

2. Aureomyecin was detected in the cerebrospinal fluid of six out of nine 
patients. Its concentration seemed to depend on the height and duration of the 
blood concentration. 

3. In one patient no aureomycin was found in the milk even with a high 
blood concentration. 

4. The drug is recoverable rather rapidly in the urine where it is found in 
high eoneentrations. 

5. It is suggested that to maintain lower concentrations, large doses orally 
at longer intervals seem most convenient, and that to obtain high concentrations 
shortening the interval should be effective. It is possible that a high initial dose 
(4 to 6 Gm.) may allow higher concentrations to be reached and maintained. 

6. Blood concentrations obtainable with doses of 10 mg. per kilogram by 
mouth every six hours appear adequate for treatment of Rocky Mountain spotted 
fever and pneumococcie pneumonia. 

We wish to thank Mrs. Joan R. Broyhill and Miss Myrtle I. Meyer for technical 
assistance. 
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THE ACTIOW OF THEPHORIN UPON HISTAMINE-INDUCED 
GASTRIC SECRETION IN DOGS AND ON GASTRIC 
ULCER FORMATION IN RATS 
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ONSIDERABLE disagreement exists as to the effect of antihistaminie sub- 

stances upon histamine-induced gastric secretion. This is true both of the 
original compounds of this type thymoxy ethyl diethylamine (929 F)** and 
N-phenyl-N, N,’N’-triethylethylenediamine (1571 F)* * and of the more recently 
developed antihistamines Benadryl** and Pyribenzamine.’ The majority of in- 
vestigators failed to observe any significant decrease of histamine-induced gas- 
trie secretion in dogs pretreated with antihistamines. Similar observations have 
been made in man.*-'° Some clinical investigators reported an increase of gastric 
acidity after the administration of antihistamine compounds.’” 1” 

The reports concerning the influence of antihistamines upon the occurrence 
of histamine-induced gastric ulcers in experimental animals® '*-"* are rather 
unanimous. The histamine antagonists did not prevent ulcer formation. 

Sinee Thephorin* (2-methyl-9-phenyl-2,3,4,9-tetrahydro-1-pyridindene), 
which is a potent antihistamine’® ** synthesized in the Roche Research Labora- 
tories by Dr. W. Wenner and Dr. J. T. Plati, differs both structurally and phar- 
macologically'® from other histamine antagonists, it seemed desirable to study its 
influence upon gastric secretion and ulcer formation produced by histamine and 
on ‘‘spontaneous’’ uleer formation. 

I. The Effect of Thephorin on Gastric Secretion.—Gastric secretion was 
studied in three trained, unanesthetized, female dogs weighing from 10 to 12 
kilograms with denervated gastric pouches (Heidenhain). Two series of experi- 
ments were carried out. 

In the first series the animals received subcutaneously 0.1 mg. per kilogram 
histamine phosphate thirty minutes after the subcutaneous injection of 20 mg. 
per kilogram Thephorin. In a second series of experiments, 0.025 mg. per kilo- 
gram of histamine phosphate was used to stimulate gastric secretion. In addi- 
tion, control experiments in which the administration of Thephorin was omitted 
were carried out with the same doses ot uistamine phosphate. Each type of 
experiment was done in triplicate in each dog at least three days apart. Thus 
a total of thirty-six experiments have been performed in three dogs. The ani- 
mals had been starved twenty hours prior to the experiment. 

Gastrie juice was collected for one hour at ten-minute intervals. Both 
volume and free hydrochloric acid were determined, the latter by titration using 
Sahli’s reagent, a mixture of equal parts of 48 per cent KI and 8 per cent KIOs;. 
In addition, the pH of each sample was measured by means of a Beckman pH 
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BB Volume secretion in cc. 


mgm. of HCI in total volume 


| Average of 3 Anmmals 


10 20 30 40 50 60 10 20 30 40 50 60 10 0 040 DH 

MINUTES MINUTES MINUTES MINUTES 

CONTROL Amal Hist. POs CONTROL O25 me/kg. Hast. POs 
sling/ig, Hist. POs 20mg/xg. THEPHORIN O25mg/xg. Hist POs 20mg/xg. THEPHORIN 








. Fig. 1.—Effect of Thephorin on histamine-induced gastric secretion in dogs. Abscissa: 
time in minutes. Ordinate: solid columns, cubic centimeters of gastric juice; solid plus hatched 
columns, milligrams of free hydrochloric acid. 


meter. The average values for each dog from three experiments with two hista- 
mine doses each are presented in Table I, which demonstrates that only the 
volume of secretion was reduced to a significant degree by Thephorin whereas 
the hydrogen-ion concentration remained practically unaltered. The average 
decrease in volume and consequently in the quantity of free hydrochlorie acid 
amounted to about 30 per cent regardless of the dose of histamine used. The 
average amount of hydrochlorie acid produced by 0.025 mg. per kilogram hista- 
mine phosphate is almost identical with that after 0.1 mg. per kilogram histamine 
phosphate in the presence of 20 mg. per kilogram Thephorin, thus 75 per cent of 
histamine has been rendered ineffective by Thephorin. 


II. The Effect of Thephorin on Histamine-Induced Ulcer in Rats.—Thirty 
Sprague-Dawley male rats weighing from 280 to 340 grams (average weight 310 
grams) received daily by intramuscular injection 60 mg. histamine phosphate in 
a mixture of beeswax and mineral oil, prepared according te Vareo and co- 
workers.’® These rats had been used for a vitamin A assay several months prior 
to this experiment and were on a normal Rockland mouse diet. Of thirty animals 
used in this experiment, ten received subcutaneously 20 mg. per kilogram 
Thephorin and ten received 10 mg. per kilogram atropine five hours after the 
histamine injection. The remaining ten rats served as controls. The treatment 
of the surviving animals was carried on for thirty days after which time they 
were killed and autopsied. 

From Table IT it is seen that Thephorin has a definite prophylactic effect 
against histamine-induced ulcer formation. Eight control animals and nine of 
the animals pretreated with atropine died from perforated uleer during the 
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TaBLE I. Errect oF THEPHORIN ON HISTAMINE-INDUCED GASTRIC SECRETION IN Dogs 








A. 0.1 MG./KG. HISTAMINE PHOSPHATE 


THEPHORIN (20 MG./KG. S.C.) 
0.1 MG./KG. HISTAMINE PHOSPHATE 30 MIN. PRIOR TO HISTAMINE 


VOLUME FREE I icl* | VOLUME FREE HCl* 
MINUTES | (C.c.) (MG. ) pHt | (C.C..) (MG.) pHt 
Dog 1, female, 12.4 kg. 
10 11.4 46.4 1.05 6.5 25.6 1.02 
2() 16.35 64.5 38S 8.4 60.5 19 
30 17 58.$ 94 82 42, 90 
40 9.0 5S 7 6.6 yi 99 
50 8.9 29. 1.05 555 4 I 1.04 
60 : 28.2 1.12 3.4 “f 1.20 


Total 4. y 38.5 189 6 





























Dog 2, female, 10.2 kg. 

28.7 97 t 38.7 

20 9, 54.2 90 ys 35.8 
30 8. 52.6 89 3.7 35.6 
40 . 51.8 93 5.6 29.6 
50 32.0 98 D. 23.6 
60 : 30.2 1.04 5.8 23:0 
Total 249.5 38.5 186.1 








Dog 3, female, 10.7 kg. 
10 8. 5 ae 1.07 
20 
30 
40 
50 
60 


Total 





5) MG./KG. HISTAMINE PHOSPHATE 


Dog 1 
10 R 1.08 
20 7 30. 92 
30 os 32.6 95 
40 28.2 97 
50 4 6 1.06 
60 

Total 
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Dog 2 
10 B. 28.2 1.01 
20 . * 91 
30 + 53. 90 
40 Dos 28.2 94 
50 5. 24.6 99 
60 : 
Total 





10 
20) 
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40 
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40.4 
41.4 
50 30.2 
60 24.8 


Total 42.2 200.5 
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*Calculated from titration. 
#The pH was averaged by converting the pH readings into normality, averaging 
normality figures, and reconverting to pH. 
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TABLE II. THE Errect or THEPHORIN ON ULCER FORMATION INDUCED BY THE DAILY 
INTRAMUSCULAR INJECTION OF 60 MG. HISTAMINE PHOSPHATE IN A 
MIXTURE OF BEESWAX AND MINERAL OIL 








NUMBER NUMBER SURVIVAL TIME OF TOTAL 
OF DIED FROM RATS WHICH DIED ULCER 
DOSE, S.C., RATS PERFORATED FROM PERFORATION INCIDENCE 
DAILY USED ULCER (DAYS) (%) 
- 10 8 13, 18, 13, 14, 15, 90 
17, 18, 20 
Thephorin, 20 mg./kg. 10* 3 16; 18; 3 33 
Atropine, 10 mg./kg. 10 9 13, 16, 90 
18, 


*One rat which died on the eighth day from unknown cause did not show any ulcers. 








Rata 3G “Conbral 
Gong A) Wist he ou 


Pos 


Fig. 2.,—Stomach of control rat which died on the eighteenth day from perforated ulcer after 
having received daily 60 mg. histamine phosphate in beeswax and mineral oil. 


course of the experiment. <A typical lesion is illustrated in Fig. 2. A large 
duodenal uleer was found in one of the two surviving control rats. In contrast: 
only three of the rats pretreated with Thephorin succumbed to the same lesion, 
but no uleers were found in the surviving animals. All rats lost weight during 
the experimental period, although all animals had free access to food and water. 


ITT. The Effect of Thephorin on Ulcer Formation in Shay Rats.—Fifty male 
Sprague-Dawley rats weighing from 130 to 150 grams, prepared by the method 
of Shay and co-workers,”° were used in this experiment. LEssentially, after the 
animals had been starved for forty-eight hours, the stomach was ligated at the 
pylorus under light ether anesthesia. Immediately after closure of the short 
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Evaivaton. of 


4+ 


| 


Fig. 3.—Evaluation of degree of ulceration. From the top down: Clear (Thephorin, 
20 mg. per kilogram) ; 1+ (Thephorin, 10 mg. per kilogram) ; 2+ (atropine, 10 mg. per kilogram ; 
3+ (control) ; 44+ (control). 


abdominal midline incision by two sutures, the rats were injected by the sub- 
cutaneous route with the substances to be tested for antiulcer effect. Doses of 
20, 10, and 5 mg. per kilogram of Thephorin and 10 mg. per kilogram atropine 
were administered respectively to four groups of ten rats each. Eighteen hours 
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TABLE IIT, THE ANTIULCER EFFEcT OF THEPHORIN IN SHAY RATS, EIGHTEEN HOURS 
AFTER Py toric LIGATION 








NUMBER 
OF AVERAGE | NUMBER 
RATS DEGREE OF ULCERATION DEGREE OF PERFO- 
DOSE, S.C. USED | | 1+ | 2+ | 3+ | 4+]ULCERATION| RATED 
_* 10 1 8 3.7+ 
Thephorin, 20 mg./kg. 10 ; 0.5+ 








Thephorin, 10 mg./kg. 10 1 1 1.3+ 
Thephorin, 5 mg./kg. 10 i 6 1 2.0+ 
Atropine, 10 mg./kg. 10 2 1 1.3+ 





later the animals were autopsied, the surviving ones being killed by ether in- 
halation. The degree of ulceration was evaluated as described by other investi- 
gators,?” 2! scoring both the number and the size of the lesions, as illustrated in 
Fig. 3. The results which are compiled in Table III were striking. The majority 
of the animals treated with 20 mg. per kilogram of Thephorin were free of the 
typical numerous lesions found in all control animals. Only one perforation had 
occurred after 20 mg. per kilogram Thephorin in contrast to seven in the con- 
trols. The lower doses of Thephorin had a proportionally lesser effect, 10 mg. 
per kilogram Thephorin being approximately equivalent to 10 mg. per kilogram 
of atropine. Although gastric juice was collected from the surviving animals 


TABLE IV. AVERAGE VALUES OF GASTRIC ANALYSES IN SHAY Rats Five Hours 
AFTER Py1noric LIGATION 








CONTROL, THEPHORIN (20 MG./KG. 
20 RATS S.c.), 18 RATS 
Average volume 6.8 ¢.c. 4.6 ¢.¢. 
Average pH* 1.6 2.0 
Average pepsin 9,500 units 8,000 units 








*The pH was averaged by converting the pH readings into normality, averaging the 
normality figures, and converting to pH. 


and analyzed for the amount of free hydrochloric acid, the data are useless for 
comparison since the stomach contents of the surviving contro] animals had a 
relatively high pH caused by the buffering action of blood from the lesions. To 
gather information about possible differences in acidity and the amount of pepsin 
between control animals and rats pretreated with 20 mg. per kilogram The- 
phorin, a five-hour experiment was carried out. Since practically no uleeration 
had oceurred within this period, the true hydrogen-ion concentration values of 
the gastric juice could not be ascertained. The average results for volume, pH, 
and pepsin concentration—the latter determined by the method of Kleiner??— 
are recorded in Table IV. The figures obtained from the animals pretreated 
with 20 mg. per kilogram Thephorin are somewhat lower than those from the 
control animals, but hardly significantly. 


DISCUSSION 


Thephorin has a definite effect in reducing the gastric secretion induced in 
dogs by histamine. This particular antihistaminie action of Thephorin is less 
marked than its action against other important effects of histamine. In a series 
of experiments the volume of gastric juice secreted was reduced by 30 per cent, 
which corresponds to the inactivation of 75 per cent of the administered 
histamine. 





378 LEHMANN AND STEFKO 


Contrary to reports in the literature’ we succeeded in producing gastric 
‘ulcers in rats by repeated administration of histamine. The incidence of ulcer 
formation was markedly decreased after Thephorin in contrast to control ani- 
mals and rats pretreated with atropine. 

The fact that the rats had been used previously for a vitamin A assay may 
have been an important factor for the occurrence of ulcers. It has been re- 
ported2* *4 that vitamin A deficiency per se leads to gastric ulcer formation in 
rats. The possibility whether a low vitamin A intake earlier in life is a predis- 
posing factor for the production of ulcers by histamine in rats has to be con- 
sidered. This problem is now under investigation and preliminary experiments 
seem to indicate that high doses of vitamin A have a prophylactic effect against 
histamine-induced ulcer formation. 

Quite different were the results on ulcer formation in Shay rats. Under 
these experimental conditions both Thephorin and atropine were equally effec- 
tive in protecting rats against ulcer formation. Considering the small difference 
in hydrogen-ion concentration and in the amount of pepsin between controls 
and treated animals, the antiuleer action of Thephorin cannot be explained by 
its inhibiting effect on the secretion of gastric juice. It has been shown” that 
vagotomy can prevent ulcer formation in Shay rats in the presence of a high 
acid concentration. The antiuleer effect of atropine is explained by its periph- 
eral vagal blocking action, but this is unlikely to be the case with Thephorin 
since it was demonstrated that its anticholinergic effects are relatively weak as 
compared with atropine.'*'* The possibility has to be considered that a central 
mechanism ig involved in the prophylactic action of Thephorin which is effective 
in the presence of a relatively high acid concentration. It is generally assumed 
that the degree of acidity, although a major factor in the genesis of peptie ulcer, 
is not the sole cause.2” The evidence accumulated in these studies suggests that 
the action of Thephorin represents a chemical vagotomy. 

It seems unlikely that histamine is the causative agent of the lesion oceur- 
ring in Shay rats since atropine has a marked antiuleer effect under these experi- 
mental conditions but does not prevent histamine-induced ulcer formation. 


SUMMARY 


The antiuleer effect of Thephorin in Shay rats was striking. The evidence 
available suggests that the effect may be considered as chemical vagotomy. 

Thephorin prevented to a marked degree gastric uleer formation in rats 
produced by repeated histamine administration. Atropine was ineffective. 

Thephorin reduced histamine-induced gastric secretion in dogs with Heid- 
enhain pouches by about 30 per cent. 
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HE use of continuous intravenous administration of histamine as a 

therapeutic agent in certain diseases made us interested in a study of its 
effects on the peripheral circulation in the patients receiving the drug. Benson 
and Horton' studied the effects of continuous intravenous injection of histamine 
on the blood pressure and heart rate in patients with multiple sclerosis. They 
did not obtain a significant change in the systolic blood pressure, but the 
diastolic blood pressure showed an average fall of 17 mm. of mereury with a 
range of fall of 9 to 27 mm. of mereury below the control value. Within ten 
minutes after administration of the drug had been stopped, the pressures re- 
turned to within 3 mm. of mereury of their original levels. The heart rate 
increased an average of thirty beats per minute, with a range of increase from 
twenty-three to thirty-nine beats per minute. The heart rate also returned 
quickly to control levels, after administration of histamine had been stopped. 

In an excellent study of the systemic effects of histamine in man, Weiss 
and associates? reported that histamine is promptly converted into inactive 
substances in the human body. They found the minimal effective amount of 
histamine base in man to be about 0.003 mg. per minute. In observations of 
two hours’ duration, histamine up to toxie doses failed to produce any lower- 
ing of systolic arterial blood pressure, but the diastolic pressure showed only 
a tendeney to fall and in many instances it also remained unaltered. They 
stated that the effect of histamine on the cutaneous blood vessels is not uni- 
form. The most characteristic effect is dilatation of the venules, independent 
of the dilator effeet on the arterioles. In some eases the eyanotie flush and 
lack of elevation of the cutaneous temperature suggested a failure, even of 
toxic doses, to dilate the arterioles. Sometimes larger doses are needed to dilate 
the arterioles than those that dilate the venules. The intravenous infusion of 
0.02 to 0.03 mg. of histamine base per minute increased the minute ecardiae out- 
put about 20 per cent over the control value and was accompanied by a slight 
reduction in stroke volume. A slight but distinct inerease in the mean velocity 
of blood flow was noted. 

Harmer and Ilarris,* and also Carrier,’ stated that histamine produced 
dilatation of the skin arterioles in man. Harmer and Harris noted an increase 
in heart rate of twenty beats per minute but were unable to detect plethysmo- 
graphically any inerease in blood flow to the limb as a whole in human subjects 
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under the influence of histamine. Thermocouples, however, showed a rise in 
skin temperature, which was interpreted as indicating that the blood is flow- 
ing more quickly through the skin vessels. When histamine was given 
intravenously they noted that the effects were complete in three to four 
minutes. One-twentieth milligram of histamine hydrochloride increased 
cutaneous blood flow. Reddening of the skin and rise in skin temperature 
were definite. The systolic and diastolic blood pressure fell slightly and there 
was some increase in heart rate. Carrier reported that the application of 
histamine to the base of the fingernail in normal human beings in a dilution 
from 1:1,000 to 1:10,000 caused widening of the capillaries and acceleration 
of capillary blood flow. 

In summarizing the evidence, Best and McHenry’ stated that small doses 
of histamine have little, if any, effect on the heart, but somewhat larger doses 
increase the force and rate of the heartbeat in most species. 

Anrep® reported that histamine dilated the coronaries in the human heart- 
lung preparation. 

In a study of the vasodilator action of histamine and its physiologic 
significance, Burn and Dale’ explained the difference in reaction to histamine 
observed in various species of animals as being due to the variation of the level 
at which the constrictor effect of histamine on the central portion of the vascular 
tree changes to a dilator effect on the peripheral portion. In the dog the con- 


strictor effect changes to a dilator effect at the level of the small visible arteries. 
In the cat the constrictor effect is present even at the level of the arterioles but 
mostly in the capillaries. In the rodents, the constrictor effect is pushed so far 
to the periphery that its change to a dilator effect escapes detection. 


From his work on histamine shock, Rich® coneluded that histamine exerts 
a local dilator effect on capillaries and on the smallest arterioles and venules 
which border the capillary system. The circulatory failure in histamine shock 
is due to dilatation of the peripheral vascular bed. 

From the work of Dale and associates” **! and Weiss and associates? it is 
suggested that there probably exists a shift in the locus of action of histamine 
as the evolutionary tree is ascended. Arterial constriction may be the pre- 
dominant effect in rodents. In the cat there is a slight constriction of the 
arterioles, but the eapillaries are dilated. In the dog and the monkey both 
arterioles and capillaries dilate. In man also the arterioles and the capillaries 
of the skin and of the brain dilate. 

Sinee, as the literature convineingly indicates, the action of histamine varies 
in different species, it is hazardous to interpret its action in man by observa- 
tions obtained from animal experimentation. This makes it obvious that in 
order to obtain information on the action of histamine in man the observations 
should be made on man. This study deals with the effects of histamine on the 
peripheral circulation in human beings who were given histamine for 
therapeutic purposes and who volunteered for the investigation. The clinical 
observations and the laboratory data were obtained simultaneously on the 
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same subjects, in order to avoid species or individual differences, and under 
the same conditions, in order to avoid as many as possible of the factors that 
might introduce variations. 


METHODS 


Human subjects who were receiving histamine intravenously by infusion over a 
period of about two hours for therapeutic purposes volunteered for this study. Before 
the observations were started, the patient was asked to lie quietly on a comfortable bed 
for about thirty minutes in a constant temperature room at 77° F. with a humidity of 
about 40 per cent. Blood-flow studies on all four extremities were made by means of the 
venous occlusion plethysmograph with a compensating spirometer recorder.12. The arm 
plethysmographs included the hand, wrist, forearm, and part of the arm up to 2 inches 
(about 5 em.) above the olecranon process, The leg plethysmographs included the foot, 
ankle, and leg up to 1 inch (about 2.5 em.) below the tibial tuberosity. 

The cutaneous temperatures were recorded galvanometrically by means of thermo- 
couples applied to the forehead, to the skin over the right and left deltoid muscles, and 
over the right and left quadriceps femoris muscles. All five thermocouples were kept in 
position throughout each period of observation (more than two hours), and the tempera- 
tures were recorded as required at intervals. 

The heart rate and systolic and diastolic blood pressure were recorded by the usual 
clinical procedures. 

Histamine diphosphate was administered to each patient intravenously by continuous 
infusion in a concentration of 1:250,000 in physiologic saline solution at successive rates 
of 0.004, 0.008, 0.016, 0.020, and 0.024 mg. of histamine diphosphate per minute respec- 
tively. The duration of infusion at each rate was twenty minutes. Control values for 
skin temperatures, heart rate, blood pressure, and blood flow were established before the 
infusion of histamine was started. All the observations were repeatedly taken at regular 
intervals thereafter for each of the periods of infusion at each of the infusion rates and 
for five to fifteen minutes after the infusion had been stopped. 


RESULTS 
Table I presents the percentage change in blood flow in the four extremities 
of subjects that were given histamine diphosphate intravenously by continuous 


infusion at the various rates specified. It can be stated generally that the magni- 
tude of increase in blood flow of the upper extremities is greater than that 


of the lower extremities and that in both cases the increase is roughly propor- 
tional to the dose of histamine administered, namely, the larger the dose, the 
greater the increase in blood flow. In a few eases, especially when small doses 
of histamine were given, there was a transient reduction in blood flow in one 
or more extremities. Because Patients 8 and 21 could not tolerate higher 
dosage, the infusion of histamine was stopped at the dose of 0.016 mg. per 
minute. Five minutes after the intravenous infusion of histamine had been 
stopped, the augmentation in blood flow was very much reduced. Evidently, 
as indicated from this work and from others,” 11> considerable amounts of 
histamine are rapidly inactivated in the body. 

The changes in the systolie blood pressure produced by the intravenous in- 
fusion of the amounts of histamine used in the study were insignificant, but 
the diastolic pressure showed a consistent drop of 10 to 15 mm. of mereury. 
However, soon after the infusion of histamine had been stopped, the blood 
pressure returned to the control level. 
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PERCENTAGE CHANGE OvER CoNnTROL BLoop FLOW IN THE EXTREMITIES DURING 


INTRAVENOUS ADMINISTRATION OF HISTAMINE 








PATIENT 


EXTREMITY 


MILLIGRAMS OF HISTAMINE 
PER MINUTE 


INFUSED 





0.004 


0.008 


0.016 


0.020 


0.024 


5 MIN. AFTER 
STOPPING OF 
INFUSION 





| 


Left arm 
Right arm 
Left leg 

Right leg 


+11* 
+17 
+1 


+124 
+20 
+31 


+165 
+3 
+33 


+166 
-15 
-15 


+80 
4181 
+82 
+47 





Left arm 
Right arm 
Left leg 

Right leg 


-24 


-27 


0 


+15 
-19 
+6 


+84 
-17 
+28 


+36 
+3 
-37 


es. 





Left arm 
Right arm 
Left leg 

Right leg 


-16 


+3 
+41 
-11 


+8 
+56 
+6 





Left arm 
Right arm 
Left leg 

Right leg 


-26 
-9 
15 





Left arm 


Right arm 
Left leg 
Right leg 


+22 
+36 
+25 





Left arm 
Right arm 
Left leg 

Right leg 





Left arm 
Right arm 
Left leg 

Right leg 


~ 


+63 
+97 
+49 


+24 
+8 





Left arm 
Right arm 
Left leg 

Right leg 


‘a | 


+15 
-17 





Left arm 
Right arm 
Left leg 


Right leg 


466 | +22 


4103 | + 


+96 
+42 





Left arm 
Right arm 
Left leg 

Right leg 


+54 
0 


7 


+11 
+30 


426 
es 
-25 
+157 
+127 
+117 


+108 
+50 


$817 | 


+28 
469 
~ 4266 — 


+12 
+13 


aes | 


+88 
+69 
~ +114 
+63 


ba 





Left arm 
Right arm 
Left leg 

Right leg 


+35 


-11 
+13 


+40 


+12 
+59 





Left arm 
Right arm 
Left leg 

Right leg 


+33 


+46 
+34 


+44 


+58 


25 





Average 





Left arm 
Right arm 
Left leg 

Right leg 





+19 
-15 
+29 
+12 





+54 
+28 

432 
+19 





+58 - 
+18 


“| +126 [ 


+106 | 


+87 
+19 


479 | 








4210 — 
492 
+61 
438 











*Percentage changes of blood flow. 


“29 
-36 
+78 
+47 
417 
“87 
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TABLE II. AVERAGE CHANGE IN CUTANEOUS TEMPERATURE DURING INFUSION 
OF HISTAMINE (TEN CASES) 








CUTANEOUS 
TEMPERATURE AMOUNT OF HISTAMINE GIVEN 
THERMOCOUPLE BEFORE (MG. PER MIN.) 

AREA HISTAMINE 0.004 | 0.008 | 0.016 | 0.020 | 0.024* 
Forehead oa.” ©. 0.2° C. 0.2° C. p:3° C. 02°C. 0.2° C. 
Right shoulder 32.4 0 0.1 0.5 1.0 
Left shoulder 32.8 0.1 0.4 A “ 

Right thigh 31.3 0.4 0.6 1.4 
Left thigh 31.7 0.5 0.6 1.2 


*Three cases only. 











In eight subjects the heart rate was taken during infusion of the drug at 
the various rates. The average increases in heart rate over the control value 
were six beats per minute for the infusion rate of 0.004 mg. of histamine 
per minute, six beats for the rate of 0.008 mg. per minute, nineteen beats for 
the rate of 0.016 mg. per minute, and twenty-three beats for the rate of 0.020 
mg. per minute. Within ten minutes after the infusion of histamine had been 
stopped, the pulse rate practically returned to the control value. 


Table II shows the average rises over the control temperatures produced 
during the intravenous infusion of histamine. It can be stated generally 
that, with the exception of the forehead, the greater the rate of infusion of 
histamine, the greater the rise in cutaneous temperature. Soon after the 
infusion of histamine had been stopped, the cutaneous temperature began to 
subside toward the control level. 

As seen in Table II, the changes in skin temperature were greater over 
the lower extremities than over the shoulders and forehead. This is attribut- 
able to the relatively much greater perspiration over the forehead and 
shoulders than over the mid-region of the lower extremities. We believe that 
the cooling due to the accumulated fluid secreted by the sweat glands under 
the thermocouples accounts for the relatively lower temperature recorded 
from the skin over the forehead and shoulders. 


COMMENT 


When it was repeatedly observed that the flushing and increase in blood 
flow were greater in the upper parts of the body and in the upper extremities 
than in the lower extremities, three possible explanations came to mind. 
The first two and more probable ones were as follows: (1) The upper parts 
of the body (face, neck, and arms) are usually more directly exposed to the 
environmental factors and consequently more intrinsic histamine and _his- 
tamine-like substances are continuously liberated. This endogenous histamine 
supplemented the effect of infused histamine and gave findings of greater 
magnitude in the upper extremities than in the protected lower extremities. 
(2) The presence of a vasomotor gradient, vasoconstriction being least in 
the face, progressively increasing downward, and becoming highest in the 
toes, may account for the differences in degree of flushing and redness, which 
were greatest in the face and were progressively less till they were almost 
unnoticeable over the legs during the administration of histamine, 
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Fundamental differences in the vasomotor reactions of the hands and 
feet have been observed. Pickering and Hess’ reported that in normal sub- 
jects the vasodilatation in response to warming of the body becomes evident 
in the fingers earlier than it does in the toes. They concluded that the delayed 
response of the toes, as compared with the fingers, is attributable not to a 
difference in time, but to a difference in intensity of the vasomotor relaxation 
in upper and lower extremities. As a result of warming of the body, loss of 
vasoconstrictor tone in the upper extremities is complete, while in the lower 
extremities it is incomplete. 

Horton and associates’* noted prompt rise in the surface temperature of 
the fingers in patients given typhoid vaccine intravenously, whereas there was 
a distinct lag in the rise in surface temperature of the toes as compared with 
that of the fingers. 

A distinct vasomotor gradient was demonstrated in normal subjects with 
reference to the face, hands, and feet after administration of aleohol. The 
maximal degree of vasodilatation was in the face, with decreasing degrees in 
the hands and feet. Regardless of the vasodilator agent used, the rise in sur- 
face temperature appeared first in the face, then in the fingers, and later in the 
toes. The degree of vasoconstriction is greater in the toes than in the fingers. 
The upright posture in man may account for the greater degree of vasocon- 
striction in the lower extremities as compared with that of the upper. The 
difference in intensity of vasoconstriction in the toes and fingers may not be 
evident in terms of surface temperature but is easily demonstrated when 
vasodilator agents are administered. 

A third possibility, that, because the arm veins were used for infusion, the 
upper parts of the body received more histamine before it was exposed to the 
destructive enzymes of the blood and tissues, was disproved and eliminated 
when we gave the infusion of histamine several times into the leg veins in- 
stead of the arms and still the flush and increase in blood flow were greater 
in the upper parts of the body and upper extremities than in the lower ex- 
tremities. 


SUMMARY 


Intravenous administration of histamine diphosphate in a coneentration 
of 1:250,000 in saline solution at successive rates of 0.004, 0.008, 0.016, 0.020, 
and 0.024 mg. per minute, respectively, produced cutaneous vasodilatation 
which appeared first over the face and neck of the patient and gradually ex- 
tended downward over the upper extremities and thorax, reaching the lower 
extremities only toward the end of the period of observation, when the higher 
rates of infusion were used. There was a definite increase in skin temperature 
and in heart rate, and a slight decrease in diastolic blood pressure. 

The blood flow in the four extremities gradually increased in proportion to 
the dosage used until, at the highest rate of infusion of 0.024 mg. of histamine 
per minute, the average increase in blood flow over the control values was 244 
per cent in the left arm, 120 per cent in the right arm, 76 per cent in the left 
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leg, and 28 per cent in the right leg. However, five minutes after the infusion 
ef histamine had been stopped, the increase of blood flow averaged only 46 
per cent in each of the arms, 40 per cent in the left leg, and 14 per cent in the 
right leg. The changes in skin temperature, blood flow, heart rate, and blood 
pressure gradually subsided, and the values returned toward the control level 
shortly after the infusion of histamine had been stopped. 
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PHOTOELECTRIC DETERMINATION OF ARTERIAL OXYGEN 
SATURATION IN MAN 


Earu H. Woop, M.D., Pu.D.,* anp J. E. Geraci, M.D.+ 
RocHESTER, MINN. 


WITH THE TECHNICAL ASSISTANCE OF M. NEHER AND L. CRONIN 


HE Matthes," 2 Millikan,* and Goldie* oximeters have greatly facilitated the 

study of changes in arterial oxygen saturation in man. However, since these 
instruments must be preset to known arterial saturation values they cannot be 
conveniently used in patients who may have arterial hypoxia, nor can they be 
used for the actual determination of arterial oxygen saturation. Furthermore, 
extensive calibration studies with the Millikan compensated circuit oximeter 
carried out in this laboratory have yielded such variable results® that it has been 
concluded that oximeter saturation readings are of only qualitative value in 
indicating changes in arterial oxygen saturation. Consequently studies have 
been carried out in an attempt to eliminate or minimize these shortcomings of 
the instrument. 

A device will be deseribed herein which can be used to measure the absolute 


value of, and follow continuously the changes of, the arterial oxygen saturation 
from a pickup unit attached to the pinna of the human ear. This is accom- 
plished by means of a photoelectric earpiece which allows simultaneous measure- 
ment of the transmission of red and near infrared light through either the nor- 
mal heat-flushed ear or the bloodless ear. Then by ealeulation, the light trans- 
mission of the blood alone in these spectral regions ean be determined, and in 
turn the percentage oxygen saturation of this blood content can be derived. 


OPERATION AND CONSTRUCTION OF THE INSTRUMENT 


Although it was originally assumed that the Millikan oximeter responded 
to transmitted light in the region of the red and the green,’ it has been pointed 
out®® that whole blood films of approximately 1 mm. depth transmit practically 
no light of a wave length shorter than 600 millimicrons.? The normal human 
ear has similar characteristies.° Theretore the operation of the oximeter is 
based on differences in transmission of light by oxygenated and reduced hemo- 
globin which occur in the red and near infrared rather than in the red and 
green portions of the spectrum as originally supposed. 

The Millikan oximeter earpiece contains two barrier layer iron-selenium 
photoelectric cells, each covered by a specific Wratten gelatin optical filter. 
Assuming a constant light source in the earpiece, the amount of light transmitted 


_ This study has been greatly facilitated by the professional assistance of the Section on 
Engineering and Mr. R. W. Stow, Fellow in Biophysics, Mayo Foundation. 
Received for publication, Nov. 15, 1948. 
*Section on Physiology, Mayo Clinic and Mayo Foundation. 
+Fellow in Medicine, Mayo Foundation. 
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Fig. 1.—Modified oximeter earpiece. A, inlet to pressure capsule, B, pressure capsule, 
C, rubber diaphragm of pressure capsule (capsule inflated to 10 mm. of mercury), D, housing 
for photoelectric cells, H, leads to light bulb, F, adjustable carrier of light bulb and pressure 
—, G, adjustable clamp to fix position of light bulb and pressure capsule, H, leads to 
photocells. 


through the pinna of the ear and the filters to the photoelectric cells is a func- 


tion of the fixed characteristics of the respective filters, the amount of ear tissue, 
and the amount and state of oxygenation of the blood in the path of light. 


One of the photocells is covered by a green Wratten 61N filter, which trans- 
mits light in the spectral region from 480 to 600 mp and in the region above 
750 millimicrons. This cell, which has been ealled the ‘‘green eell,’’ actually 
responds to light in the near infrared. This is due te the fact that the ear 
absorbs practically all light of a wave length shorter than 600 mp and the 
response of the photocell falls practically to zero for light of a wave length 
greater than 850 millimicrons. Therefore this cell (the ‘‘infrared cell’’) is 
activated only by light of a wave length of approximately 800 millimicrons. 
Since oxygenated and reduced hemoglobin transmit light of this wave length to 
practically the same degree,® '° the output of the infrared cell is a function of 
the amount of ear tissue and blood in the optical path and is independent of 
the degree of oxygenation of this blood. 

The other photocell is covered by a red Wratten 29K filter, which transmits 
light of wave lengths greater than 600 millimicrons. The percentage trans- 
mission of red light (600 to 750 mp) is very different for oxygenated and for 
reduced hemoglobin.’? 7? Hence the output of this cell (the ‘‘red ecell’’) is a 
function of the amount of ear tissue and both the amount and the degree of 
oxygenation of the blood in the path of the light. If the ear tissue and amount 
of blood are constant, the output of the red cell is a function of the oxygen 
saturation of the blood interposed in the optical path of the earpiece.’ 
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In the Millikan oximeter the amount of ear tissue and blood in the optical 
path is compensated for by adjusting the instrument to indicate a known value 
of saturation (usually 98 or 100 per cent when the subject is breathing air or 
100 per cent oxygen) while the earpiece is in place on the ear on which it is to 
be used. Variations in the amount of blood in the optical path are then com- 
pensated for automatically by bucking the output of the infrared cell against 
the output of the red cell. 

The instrument to be deseribed is based on the same spectral transmission 
characteristics of hemoglobin as is the Millikan oximeter. It differs, however, 
in the type of earpiece, infrared filter, and electrical cirewits used. 

The earpiece (Fig. 1) differs from the earpiece of the Millikan oximeter 
in that the light source, instead of being fixed in position, is incorporated into 
an adjustable cylindrical housing designed so that it can be fixed securely in 
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Fig. 2.—Circuit diagram of modified oximeter. A, inlet to pressure capsule, B, glass disk, 
C, rubber diaphragm, G, galvanometers (50 cm. scale; coil resistance: 3,800 ohms; optimal 
damping resistance: 50,000 ohms; sensitivity: 0.0006 microampere per millimeter deflection ; 
period: 4 seconds), J, iron-selenium photoelectric cells covered by a Wratten 87 infrared filter 
(dashed line), R, iron-selenium photoelectric cell covered by Wratten 29F red filter (dotted 
line), 50 K, 50,000 ohm potentiometer control for infrared cell, 5 K, 5,000 ohm potentiometer 
control for red cell. 


the desired position relative to the ear. The end of the light housing which 
comes in contact with the ear contains an airtight chamber, the pressure capsule. 
The surface of the pressure capsule toward the light bulb is of glass, while the 
surface toward the ear is covered with a thin translucent rubber dam; thus 
absorption by the capsule of the light being transmitted from the light bulb to 
the ear is relatively small. A 1 em. length of No. 22 gauge hypodermic tubing 
serves as an air inlet to the pressure capsule and is connected to a hand bulb 
and mercury manometer by means of a suitable length of vinyl tubing. When 
the earpiece is placed on the ear, the unit housing the light is adjusted so that 
the end (covered. with rubber dam) fits snugly but not tightly against the front 
surface of the pinna. Thus when the pressure capsule is inflated to arterial 
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occlusive pressures (200 mm. of mercury) the pinna is compressed between the 
rubber diaphragm and the flat, front surface of the photocell housing so that the 
blood is squeezed from the portion of the ear within the optical pathway of the 
earpiece. The photocells are covered with a mask containing a circular opening 
12 mm. in diameter, which is 8 mm. less than the diameter of the surface of the 
pressure capsule. Masking of the photocells in this manner assures that all light 
reaching the cells is transmitted through a portion of the ear which can be 
efficiently pressurized by the capsule. 


An infrared Wratten 87 gelatin filter is used to cover the infrared cell in 
place of the Wratten 61N filter used in the ordinary oximeter earpiece. Falsely 
high values for the infrared transmission of the bloodless ear are obtained if the 
61N filter is used, since it has been found that the ‘‘bloodless ear’’ transmits 
significant amounts of light in the green spectral region transmitted by the 61N 
filter. 


The outputs of the red and the infrared cells are recorded separately by 
means of galvanometers* which have a sensitivity such that 0.0006 microampere 
produces a deflection of 1.0 millimeter. A schematic diagram of the circuit used 
is shown in Fig, 2. 

PROCEDURE 


The earpiece is placed on an optical filtert (E-100) and allowed to become warm. 
The infrared and red cell outputs are adjusted by regulating their respective variable 
resistors to produce equa! galvanometer deflections (usually 50 to 70 mm. depending on the 
anticipated optical density of the ear). Readings are then taken .in succession on the 
E-100, E-O, and E-R test filters,} after which the earpiece is placed on the ear. Galvan- 
ometer readings are recorded at intervals of sixty seconds until a constant value is reached, 
indicating that the ear has become fully flushed. Usually this occurs within ten minutes. 
The pressure capsule is then inflated to 200 mm. of mercury and readings are recorded at 
intervals of thirty seconds for five minutes. The pressure is then released and readings 
are continued for an additional period of five minutes or until the completion of some 
observational procedure. Readings are usually taken at intervals of ten seconds during 
withdrawal of arterial blood samples and at intervals of thirty seconds during the adminis- 
tration of low oxygen mixtures. If the observational procedure is of more than thirty 
minutes’ duration, the ‘‘bloodless ear readings’’ (pressure capsule inflated to 200 mm. of 
mercury) are redetermined at the end of the period of observation. Readings on the opti- 
cal filters are repeated at the end of the procedure in order to be certain that the response 
of the device has remained stable throughout the period of observation. 


*Rubicon box galvanometers (catalogue No. 3415) with a coil resistance of 1,500 ohms, 
a critical damping resistance of 40,000 ohms, and a period of 5 to 6 seconds were used. A 
single galvanometer can be used by incorporating a double pole, double throw switch so that 
either the red or the infrared circuit can be connected individually to the single galvanometer. 
A galvanometer specially designed for this instrument is available (Rubicon Company) con- 
sisting of two galvanometer elements housed in a single cabinet with a single direct (visual) 
reading scale 20 cm. in length. 

_— E-100 filter is composed of the following materials in the order in which they are 
named: 


1. One piece of glass 2.1 mm. in thickness ground on the inner surface with No. 3F 
carborundum grit. 
2. One layer of tracing paper (Albanene tracing paper, 195L-12, Keuffel and Esser Com- 
pany, Hoboken, N. J.). 
. One Wratten 29F filter. 
. Three layers of tracing paper. 
5. One Wratten 29F filter. 
>. One layer of tracing paper. 
7. One plain glass slide measuring 1.1 mm. in thickness. 
¢The E-O, E-100, and E-R filters were constructed empirically to simulate the trans- 
mission characteristics for near infrared and red light of an average bloodless ear and an 
ear flushed with 90 and with 30 per cent saturated blood respectively. The composition of the 
E-R filter is identical to that of the E-100 filter except that one of the 29F filters is replaced 
by a Wratten 70 filter. The E-O filter consists of an 0.50 Wratten neutral density filter inter- 
posed between the same glass components as used for the E-100 and E-R (filters. 
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CALCULATIONS 
The amount of light absorbed by the portion of the ear interposed between the con- 
stant light source and the photocells of the earpiece is an inverse function of the logarithm 
of the galvanometer deflection produced by the cutput of the photocells. Furthermore, the 
total light absorption by this portion of the ear is an additive effect of the light absorbed 
by the ear tissue proper and by the blood contained in this ear tissue. Consequently the 
mount of light absorption by the blood contained in this ear tissue is a function of the 
difference between the light absorption of the bloodless ear and the light absorption of the 
plood-containing ear. 
Therefore, a value which is a function of the absorption of infrared light by the 
hlood (IRg) can be obtained by the following equation: 
IR, 
IRy = log IR, — log IRy = log IRx 


in which IR, is the galvanometer deflection produced by the infrared cell when the ear is 
rendered bloodless by the pressure capsule, and IRy is the galvanometer deflection produced 
by the infrared cell when the ear is in the normal blood-containing state. 

Similarly a value (Ry) which is a function of the absorption of red light by the 
blood interposed in the optical path of the earpiece can be obtained by the expression 


R g= log Ro in which R, is the galvanometer deflection produced by the red cell when the 


ear is rendered bloodless and Ry, is the galvanometer deflection obtained from the blood- 
containing ear. 

The absorption of light by blood in the near infrared is a function of the total 
amount of hemoglobin contained in this blood. Likewise, absorption of red light by this 
blood is a function of the amount of oxyhemoglobin and total hemoglobin. Therefore, the 
ratio Rg/IRg is a function of the oxygen saturation of the blood interposed in the optical 
path of the earpiece.* Since this blood is rendered arterial by the increase in blood flow 
through the ear produced by the heat of the earpiece,3,4 the expression Rg/IR, gives a 
value which is a function of the percentage saturation of arterial blood with oxygen. 


The exact nature of the relationship between R,;/IR, and arterial oxygen saturation 
may be determined experimentally, and a calibration curve which will allow oxygen 
saturation to be determined from R,/IR, ratios may be constructed. 


METHODS 


The calibration and range of error of the instrument have been studied in three ways: 


1. The ratio Rg/IR, has been calculated from the readings of the instrument obtained 
when recording from thirty-five ears of twenty-three normal subjects (age range, 5 through 
68 years) while they were breathing room air or 100 per cent oxygen. The values of 
Ry/IRg obtained for each ear have been plotted against the arterial oxygen saturation on 
the assumption that the arterial oxygen saturation of these subjects was 97.9t and 100 per 


*The mathematical expression of this relationship can be derived on the basis that Beer’s 
law applies to the transmission characteristics of red and infrared light by hemoglobin .in cir- 
culating whole blood, assuming (1) that the response of the infrared cell is completely inde- 
pendent of the oxygen saturation of the transilluminated blood: 


100 K ¢ 
g — 20% (log Ro/Rw + log IRo/IRw) - 122 Kt 
K:-Ki Ke-Ki4 

or (2) that the response of the imfrared cell is not completely independent of the degree of 
oxygen saturation of the transilluminated blood: 
S =100 (Kz log Ro/Rn - Ki log IRo/IRn) + [(K2 - K1) log IRo/IRn -— (Ks — Ks) log Ro/Rn] 
in which § is the per cent oxygen saturation of the transilluminated blood; K, Ki, Ke, Ks, 
and K, are constants, the absorption coefficients of total, oxygenated, and reduced hemoglobin 
for red and infrared light; and Ro, Ry, IRo, and IRwn are defined in the text. 

These equations were derived by Mr. R. E Stow, Fellow in Biophysics, Mayo Foundation. 

tAverage value based on Van Slyke analyses of arterial blood samples obtained from 
i ons resting subjects breathing air (altitude 1,040 feet). Extreme values: 94.1 to 

per cent. 
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cent when breathing air and oxygen respectively. The average values obtained have been 
used to establish the calibration curve of the instrument in the region from 95 to 100 per 
cent arterial oxygen saturation (Fig. 

2. By the use of an indwelling ‘arterial needle,13 blood samples have been obtained 
from the radial artery of five normal white and five normal Negro subjects after periods 
of two and a half to ten minutes of breathing each of the following seven gas mixtures: 





VAN SLYKE ANALYSIS 
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Fig. 3.—Empirical calibration curve of modified oximeter earpiece (No. 1) for photo- 
electric determination of absolute values of arterial oxygen saturation in man. Based on 211 
simultaneous photoelectric and Van Slyke determinations of arterial oxygen saturation. 


air, 100 per cent oxygen, and 16, 14, 12, 10, and 8 per cent oxygen in nitrogen. Instru- 
mental readings were recorded throughout the period of withdrawal of each of sixty-two 
arterial blood samples. These readings were averaged and the average value of R,g/IRx 
for each sampling period was calculated. The values obtained have been plotted against 
the arterial oxygen saturation as determined by Van Slyke analyses14 of the simultaneously 
withdrawn arterial blood samples (Fig. 3). 

3. Similar methods have been used to obtain instrumental readings during withdrawal 
of 150 arterial blood samples from a series of forty-five patients suspected to have arterial 
hypoxemia. Arterial hypoxemia in these cases was a result either of congenital cardiac 
anomalies or of acquired respiratory abnormalities. Polyeythemia was present in the ma- 
jority. The average values of Rg/IR, calculated from the instrumental readings obtained 
over the period of arterial sampling have been plotted against the arterial oxygen satura- 
tions determined by the Van Slyke analysis of the blood (Fig. 3). 
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WOOD AND GERACI 


RESULTS 


The plot of the caleulated values of Rp/IRpg against the simultaneous esti- 
mations of arterial oxygen saturation by Van Slyke analysis (Fig. 3) does not 
reveal significant differences in the data obtained from the three groups of sub- 
jects studied. Therefore, all of these data have been used as a basis for con- 
structing a calibration curve for the instrument. The empirical calibration curve 
(Fig. 3) was drawn as the closest visual fit to the 211 experimental points. 


When this calibration line was utilized, the photoelectrically determined 
values of arterial oxygen saturation of twenty normal subjects when breathing 
100 per cent oxygen ranged from 94.6 per cent to 100 per cent. These subjects 
ranged in age from 5 through 68 years. Six were Negroes (Table I). The aver- 
age arterial oxygen saturation as determined by Van Slyke analyses of thirty- 
five arterial samples obtained from twenty normal subjects while they were 
breathing 100 per cent oxygen was 99.1 per cent and the range of values was 
from 97.3 to 101.1 per cent.* 


The photoelectric determinations of arterial oxygen saturation of twenty- 
three subjects when breathing air ranged from 92.4 to 99.7 per cent (Table I). 
The average arterial oxygen saturation as determined by Van Slyke analyses*® 
of forty-six arterial samples obtained from twenty-nine normal subjects while 
breathing air (altitude 1,040 feet) was 97.9 per cent. The range of values was 
from 94.1 to 101.0 per cent. 

At values of arterial saturation between 15 and 100 per cent, the standard 
deviation of the differences between 211 simultaneous photoelectric and Van 
Slyke determinations of arterial oxygen saturation was 2.9 percentage saturation 
points. This implies a likelihood of 95 per cent that determinations of arterial 
oxygen saturation by this photoelectric method will be within 5.8 per cent satu- 
ration of that obtained by Van Slyke analysis of a simultaneously withdrawn 
arterial sample. The range of variation was not appreciably different for white 
and Negro subjects and for patients with variable degrees of polycythemia 
(Table T).t 

COMMENT 


Photoelectric determination of the oxygen saturation of blood samples in 
vitro has been successfully carried out by several investigators.” ®& 1% 17-23. Photo- 
electric determination of changes in blood oxygen saturation also has been accom- 


plished in unopened arteries and veins and in the intact pinna of the human 
ear 1-3, 12, 24 


The present report represents, to the authors’ knowledge, the first deserip- 
tion of the determination of absolute values of arterial oxygen saturation in the 
intact pinna of the human ear. Squire?‘ in 1940 described a method for the 


*When 100 per cent oxygen was breathed for periods of ten minutes the quantity of 
oxygen” carried in physical solution was assumed to be 2.0 ec.c. per 100 cubic centimeters. 
Therefore, the oxygen contents obtained under these conditions were corrected for this factor 
by subtracting the constant figure 2.0. Much of the variability in the arterial oxygen satura- 
tions obtained when breathing oxygen probably results from variations in the quantity of 
physically dissolved oxygen and hence erroneous corrections for this factor." 

fIt is of interest that the instrument predicted the arterial saturation satisfactorily: 
(1) when used on a patient whose blood contained 0.75 Gm. of sulfhemoglobin per 100 c.c., 
(2) when used over a scabbed and blistered area on an ear, and (3) when used on the ear, 
a fold of skin on the neck, and a fold of skin on the thorax of a patient who had dermatolysis. 
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determination of the quantity of blood in the web of the hand and its degree of 
oxygenation. He did not, however, use the method to determine arterial oxygen 
saturation and did not present data as to the accuracy of the method for deter- 
mining the degree of oxygen saturation of the blood contained in the web of 
the hand. 

The accuracy of the method described herein appears adequate for inter- 
mittent or continuous clinical determination of arterial oxygen saturation and 
should obviate, in many eases, the necessity of arterial punctures for this pur- 
pose. Multiple determinations on individual subjects have indicated that when 
large errors do occur they tend to be systematic for that subject. This is sub- 
stantiated by the fact that nine of the fifteen instances in which the difference 
between simultaneous photoelectric and Van Slyke determinations exceeded 5 
per cent occurred in three subjects. 

The accuracy of the instrument was limited in part by the accuracy of the 
gvalvanometer readings. The instrument must be set so that the galvanometer 
deflections obtained with the ‘‘bloodless ear’’ are on scale (that is, 120 mm. with 
the galvanometers used). When.the instrument was adjusted in this manner, 
the average red cell deflection was 60 mm. when the subjects’ blood was 100 per 
cent saturated and was 40 mm. when the subjects’ saturation was decreased to 
an average value of 62 per cent by breathing 8 per cent oxygen. Under these 
circumstances an error of 1 mm. in reading the galvanometer deflection produced 
by the red cell may result in an error of approximately 3 per cent in the pre- 
dicted value of arterial saturation.* 

The accuracy of the photoelectric estimations of arterial oxygen saturation 
was not disturbed by the subjects’ walking on a treadmill at 1.7 miles per hour” ; 
consequently the method would appear to be readily applicable to the study of 
arterial oxygen saturation during various cardiovascular-respiratory function 
tests” °° and during operative procedures. 

Previous oximeters have not been calibrated to indicate arterial saturations 
of less than 50 per cent. The present instrument, however, operates satisfac- 
torily at very low levels of arterial oxygen saturation. Seven simultaneous photo- 
electric and Van Slyke determinations of arterial oxygen saturation have been 
made in four patients at levels of arterial oxygen saturation ranging from 15 to 
21 per cent (Fig. 3). It is of considerable physiologic interest that three of 
these patients were conscious and rational and able to walk on a treadmill at 1.7 
miles per hour with levels of arterial oxygen saturation which, in normal per- 
sons, would produce loss of consciousness within a few seconds. 

Since the instrument was found to perform satisfactorily on very deeply 
pigmented ears (Negroes), it is probable that the method can be applied to the 
determination of oxygen saturation of the blood contained in any human or 
animal tissue which will allow application of a pickup unit and an ineorporated 
pressure capsule so that the interposed tissue can be successfully transillumi- 
nated and subjected to arterial occlusive pressures. 


*Appreciable errors in saturation produced by the error in reading the galvanometer can 
be eliminated by use of compensated shunt boxes to reduce the galvanometer sensitivity during 
recording of the bloodless ear readings or by use of Rubicon type L galvanometers (catalogue 
No. 3515, Rubicon Company, Philadelphia, Pa.) which deflect linearly over a scale of 500 
millimeters. 
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It should be pointed out that all of the data reported herein were collected 
by the same oximeter operator, using the same earpiece, control box, galvanom- 
éters, and voltage on the earpiece light source. Every effort was made to keep 
all conditions which might possibly affect the operation of the oximeter as con- 
stant as possible. Therefore the degree of applicability of these data to other 
earpieces and less rigidly controlled conditions is not certain. 
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Fig. 4.—Embpirical calibration curves of modified oximeter earpieces Nos. 1, 2, and 8, 
based on 211, 105 and 155 simultaneous photoelectric and Van Slyke determinations, respec- 
tively, of arterial oxygen saturation. Plotting the oxygen saturation (ordinate) as an 
inverse log scale extending from 5 to 10 causes the calibration curves to approach straight 
lines at arterial saturations of less than $0 per cent. 


Sufficient data have been collected to establish the empirical calibration 
curves of two other direct reading earpieces. These earpieces differed from the 
one used for the present study in details of design and in the use of a double 
thickness 88A infrared filter in place of the 87 filter. The data were collected 
by several different oximeter operators (technicians) under a variety of eondi- 
tions. The empirical calibration curves of these earpieces were found to be sig- 
nificantly different from the curve of the earpiece used herein (Fig. 4), and 
the results were somewhat more variable (Fig. 5). 

The following factors have been determined to be responsible at least in 
part for the increased variability: (1) The pressure capsule must be fitted 
sufficiently snugly against the front surface of the ear so that no shift in position 
of the ear relative to the photocells can occur when the pressure capsule is in- 
flated. (2) Changes in the voltage across the light source may produce signifi- 
cant changes in the calibration curves of the earpiece. (3) The orientation and 
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Fig. 5.—Empirical calibration curve of modified oximeter earpiece No. 3, based on 155 
simultaneous photo-electric and Van Slyke determinations of arterial oxygen saturation. The 
differences between the gasometric and photoelectric values were less than plus-minus 6.0 
per cent saturation in 94 per cent of instances. Eight of the ten determinations which exceeded 
this range were obtained on two subjects. The open and solid symbols are based on determina- 
tions mace with the earpiece equipped with a pressure capsule with an external diameter of 
15 and 21 mm., respectively. 


the distance of the filament of the light source from the photocells may alter the 
results obtained. A new earpiece has been designed which considerably facili- 
tates the control of these factors.?* 

Other than the possible variability between different earpieces, the chief 
disadvantage of the modified oximeter is that a calculation on the basis of four 
ealvanometer readings, reference to logarithmic tables, and references to the 
empirical calibration curve are required in order to obtain the actual value of 
the arterial saturation. 

Use of a nomogram (Fig. 6) relating infrared and red galvanometer read- 
ings directly to arterial saturation greatly expedites this procedure. If there are 
100 divisions in the galvanometer seale (Fig. 7) and if during the initial blood- 
less ear reading the output of the photocells is adjusted so as to indicate 100, 
the normal (nonpressurized) ear readings can be obtained directly in terms of 
per cent of the bloodless ear readings. Arterial saturation then can be obtained 
by direct reference to the nomogram without the necessity of intermediary 
calculations. 
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5 67890 2 46 BA 2 30 340° 50 
100 (RetRo.) 
RED CELL GALVO, DEFLECTION AS PER CENT OF Ro READING 


Fig. 6.—Calibration nomogram derived from empirical calibration curve of modified 
oximeter earpiece No. 3. The nomogram can be used most conveniently if the red and infrared 
cell galvanometer scales are constructed so as to have 100 divisions for full scale deflection 
(Fig. 7). If the instrument is adjusted so that the galvanometer readings are 100 in the 
bloodless state (Ro and IRo), then the galvanometer readings for the blood-containing state 
(Rw and IRwn) will read directly in terms of percentage of the Ro and IRo readings. Con- 
sequently the saturation value can be read directly from the nomogram without recourse to 
calculation. 


100 (Ig +o) 
0 10 20 30 40 50 60 70 80 90 100 
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Fig. 7.—Galvanometer scale for modified oximeter. When these types of scales are used 
the sensitivities of the red and infrared circuits should be adjusted so that full scale galvan- 
ometer readings (0 and 100) are obtained in the bloodless state (Re and IRo); then the 
bottom scale galvanometer readings for the blood-containing state (Rw and IRwn) will be 
TRe 4, Re 
IRwn Rx 
the bloodless reading (100 Rx/Ro or 100 IRn/IRo) for the top scale. 


directly in terms of the log ratio (log ) and will be in terms of percentage of 
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If such a nomogram is not available, the caleulations required can be re- 
duced to a single operation (division) if the bloodless ear readings are adjusted 
to the full scale galvanometer deflection and the galvanometer scale is cali- 
brated to indicate deflections as the logarithm of the quotient of the full scale 
galvanometer deflection divided by the deflection* (Fig. 7). Then the relative 
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Fig. 8.—Circuit diagram for converting the modified oximeter to a single scale device 
recording directly in terms of blood oxygen saturation. 
I, Infrared photocell, dashed line represents double thickness Wratten 88A infrared filter. 
Rk, Red photocell, dotted line represents Wratten 29F red filter. 
Ri, Potentiometer control for infrared cell. 
Re, Potentiometer control for red cell. 
G, Galvanometer (Ri + Re = optimal damping resistance). 
1, Control switch position for ‘adjusting sensitivity of infrared cell (a, earpiece on 
flushed ear). 
2, Control switch position for adjusting sensitivity of red cell (b, earpiece on bloodless 
{pressurized] ear). 
After adjustments 1 and 2 are completed, the galvanometer deflections produced in switch 
position 2 are a function of the oxygen saturation of the blood in the flushed ear. 














arterial saturation (log ratio) can be obtained by dividing the red galvanometer 
reading by the infrared reading, and in turn the absolute value of saturation 
ean be derived by reference to the empirical calibration curve of the earpiece 
being used. 

Electronic means can be devised to modify this instrument so as to indicate 
the arterial saturation directly on a single galvanometer seale. One of the 
simplest methods would be to incorporate the red and infrared cells into a dif- 
ferential bucking circuit as suggested by Matthes...? A cireuit of this type has 
been devised (Fig. 8) ; it is somewhat similar to that used by Millikan,* Heming- 
way and Taylor,?* and Hartman and associates.?® Calculations based on ealibra- 
tion data reported herein indicate that, if this cireuit operated according to the 
theory of its design, the variability of the single scale method of operation would 
be approximately 60 per cent greater than with the double galvanometer method 
which has been used. However, if the single scale circuit is to operate as de- 
signed, it is necessary that the output of the photocells be independent of the 


*This procedure was suggested by Professor R. T. Cox, Physics Department, Johns 
Hopkins University. 
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variations in their external load resistance encountered under operating con- 
ditions. Actually this has been found not to be the case.*° 


SUMMARY 


An instrument is described for the photoclectric determination of absolute 
values of arterial oxygen saturation in the intact pinna of the human ear. 

The instrument has been calibrated by determinations made on twenty-three 
normal subjects while breathing air and 100 per cent oxygen and by comparing 
the photoelectric values with values for the saturation of arterial blood with 
oxygen determined by Van Slyke analysis of 211 simultaneously withdrawn 
arterial blood samples. 

In the range from 15 to 100 per cent saturation of arterial blood with oxygen 
the standard deviation of the difference between the photoelectric and Van 
Slyke determinations of arterial oxygen saturation was 2.9 percentage saturation 
points. Ninety-five per cent of the 275 photoelectric determinations were within 


plus-minus 5 per cent saturation of values based on direct gasometric analysis. 
The accuracy of the procedure does not appear to be affected by age, race, 


sex, or blood hemoglobin content of the subjects on whom the instrument is used. 
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ISOLATION OF HERPES SIMPLEX VIRUS ON THE 
CHORIOALLANTOIC MEMBRANE 


Lewis L. Corteii, M.D.,* Harvey Buank, M.D.,+ anp T. F. McNair Scort, M.D. 
PHILADELPHIA, PA. 


WITH THE TECHNICAL ASSISTANCE OF LILLIAN T, SCHERMERHORN 


INCE the work of Griiter’* (1913) and of Lowenstein’? (1919) the standard 
technique for the isolation of herpes simplex virus has consisted of inoculat- 
ing the suspected material onto the searified cornea of a rabbit. More recently, 
several workers? have shown that the virus grows well in the embryonated egg 
and that this medium may be used for primary isolation of the virus. However, 
no data appear to be available on the comparative efficiency of the two methods 
for this purpose. As the egg technique is simpler and cheaper than the standard 
technique, it seemed profitable to determine whether it were equally efficient. 
The results of parallel isolations, using the two techniques, are herewith pre- 
sented, together with certain information concerning the carrying-out of the 
technique, the standardization of the antibiotics used, and the type of diluent 
that has been found useful in the routine handling of the virus. 


EXPERIMENTAL 


Comparison of Chorioallantoic Membrane (CAM) and Rabbit Cornea.— 
Using the standardized techniques to be described later in this paper, material 


from twenty-seven patients with vesicular lesions of the skin or lesions of the 
mucous membranes was inoculated simultaneously on eggs and on rabbit corneas. 
The results shown in Table I indicate no significant superiority of either method. 
Subsequent studies in this laboratory, using the embryonated egg as the sole 
means of isolating herpes simplex virus, have given gratifying results. Since 
that comparative study was -made over a year ago, virus has been isolated by this 
method from thirty-four patients with various clinical manifestations of herpes 
simplex infection. In addition, it has been possible to get a quantitative count of 
the amount of virus in herpes vesicle fluid simply by measuring the fluid in a 
calibrated capillary tube before diluting it with buffer and antibiotic mixture. 
From the dilution and the number of plaques on the membrane, one ean easily 
compute the virus content of vesicle fluid at various stages of its development. 


TECHNIQUES 


In order to compare the chorioallantoic membrane and rabbit cornea as 
media for the isolation of herpes simplex, the specimen, such as saliva or skin 
washings, was divided into two parts, one being inoculated onto both corneas of 
a rabbit, and the other, after suitable preparation, into eggs. 


From The Children’s Hospital of Philadelphia (Department of Pediatrics) and the 
Department of Dermatology and Syphilology, University of Pennsylvania, School of Medicine. 
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TasBLE I. ISOLATION OF HERPES SIMPLEX VIRUS ON THE RABBIT CORNEA VS. 
CHORIOALLANTOIC MEMBRANE 








RABBIT 
; CORNEAS CAM 
Number of specimens tested simultaneously 27 27 
Number of viruses isolated 17 16 
Number negative 10 11 








Rabbit. Cornea Inoculation.—Both corneas of young four- to six-pound rab- 
bits were scarified with a sharp scalpel under ether anesthesia, and the material 
to be tested for virus was dropped into the conjunctival sac and rubbed on the 
cornea with a cotton swab. If the rabbit developed keratoconjunctivitis, one of 
the eyes was removed for histologic section, and if the rabbit died, part of the 


Fig. 1.—Rabbit cornea, epithelial cells infected with herpes simplex. Characteristic intra- 
nuclear homogeneous inclusion bodies are surrounded by dense marginated chromatin. Hema- 
toxylin and eosin (x<900). 


brain was used for serial passage and part was fixed for histologic section. It is 
well to emphasize at this point that the cornea must be taken at the stage of 
early congestion, erythema and photophobia, in order to demonstrate the maxi- 
mal number of inclusion bodies. 


Corneal Response and Identification.—In specimens free of virus the cornea 
is fully healed within twenty-four hours, whereas the cornea infected with herpes 
simplex shows progressive corneal opacities, together with successive injection, 
lacrimation, and purulent exudate of the bulbar and palpebral conjunctiva. The 
identity of the virus, in exudates shown to be free of bacteria, was established 
by: (1) demonstration of typical intranuclear inclusion bodies in the epithelium 
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of cornea or nictitating membrane (Fig. 1), or in the brain when encephalitis and 
‘death occurred; (2) subsequent intracerebral inoculation with a known virulent 
strain of herpes virus, to test for immunity in those animals which recovered. 


PREPARATION OF SPECIMENS FOR EGG INOCULATION 


Suitable Diluent—It has been shown frequently that the herpes simplex 
virus is quite unstable when suspended in physiologic sodium chloride solution, 
but is more stable when nutrient broth or serum is used as a diluent. 

Both serum and broth have certain technical disadvantages as satisfactory 
diluents for clinical specimens. A search was made, therefore, for a simple 
solution suitable for receiving specimens and for storage of strains of virus. The 
quantitative survival of several egg-adapted strains of herpes simplex virus was 
tested after storage up to one week at room temperature in: 10 per cent nor- 
mal rabbit serum; Tyrode’s solution; nutrient broth; physiologic saline solution; 
and phosphate buffered saline at pH 7.2 containing 0.5 per cent gelatin. Our 
results confirmed previous findings that physiologic saline solution caused 
marked loss of virus within one to four hours’ exposure. In all the other solu- 
tions the virus was stable for four hours or more, but deteriorated slowly there- 
after. Storage at 4° C. or at -20° C. prolonged the viability of virus stored in 
all solutions except physiologic saline. Because of its ease of preparation and 
lack of antigenicity, the buffered saline-gelatin solution was adopted as the stand- 
ard diluting fluid in our work.*" Nutrient broth also occasionally was employed. 

The Use of Antibiotics—Clinical specimens that are normally free of bac- 
teria (i.e., spinal fluid, blood) can be inoculated onto the egg membranes di- 
rectly ; other specimens normally contaminated with bacteria, such as saliva or 
vesicle fluid, usually kill the embryos from bacterial infection unless specially 
treated. It has been demonstrated* that sputum ean be rendered safe for inocu- 
lation into eggs by treatment with penicillin and streptomycin. In relation to 
the isolation of herpes virus on the chorioallantoie membrane, the amount of 
antibiotie to be used is limited on the upper side by its toxicity both for the virus 
and for the chorioallantoie membrane, but must be sufficient to kill the bacteria 
usually encountered. 

Contaminated specimens were collected on a sterile swab or eapillary pipette 
and emulsified in 0.9 ml. of buffered saline-gelatin solution or nutrient broth. To 
this tube was added 0.1 ml. of a stock solution of penicillin and streptomycin. 
This mixture was allowed to stand ten to thirty minutes at room temperature 
before inoculation into the egg membranes. 

Toxicity of Antibiotics for the Chorioallantoic Membrane.—It was found 
that penicillin caused no appreciable changes in the chorioallantoie membrane 
when used in concentrations up to 10,000 units per milliliter, whereas strepto- 
mycin caused nonspecific opacities, marked thickening and edema, if applied in 
a concentration of 1,000 ne per milliliter or greater. 

Toxicity of Antibiotics for Herpes Virus.—Various concentrations of the 
two antibiotics mixed with a chorioallantoie membrane suspension of herpes 
simplex were tested for quantitative survival of the virus at intervals up to 





ISOLATION OF HERPES SIMPLEX VIRUS ON CHORIOALLANTOIC MEMBRANE 405 


twenty-four hours after mixing. Ten thousand units per milliliter of penicillin 
and 250 pg per milliliter of streptomycin did not reduce the virus plaque count. 

Toxicity of Antibiotic Mixture on Chorioallantoic Membrane and Herpes 
Virus.—On the. basis of the toxicity studies just described, a mixture of anti- 
bioties was selected which gave a final concentration, after being added to the 
virus-containing specimen, of 500 units of penicillin and 100 ng of streptomycin. 
Many tests with this mixture showed that it was nontoxic for the chorioallantoic 
membrane, and that it did not appreciably diminish the amount of viable virus 
when tested against a laboratory strain of egg-adapted HF virus. 

Effect of Antibiotic Mixture on Bacterial and Yeast Contaminants.—Most 
samples of sputum were rendered bacteriologically sterile by exposure to this 
antibiotic mixture for ten to thirty minutes. The antibiotic mixture was found 
to be still effective against bacterial contaminants after storage in a vaccine 
bottle at 4° C. for up to two months. In the few failures observed, the eggs were 
shown to be contaminated by yeasts or molds. 


TABLE II. AppITIVE Errect or MIXED ANTIBIOTICS FOR A BACTERIUM AND A YEAST 
FREQUENTLY FOUND IN THE MOUTH 











LEAST EFFECTIVE CONCENTRATION AGAINST 
ANTIBIOTIC | STR. HEMOLYTICUS* | C. ALBICANSt 
Penicillin 0.026 u./ml. >500 u./mi. 
Streptomycin 100 u./ml. >100 u./ml. 
Crystal violet 1:200,000 1:100,000 





Streptomycin \ 10 u./ml. 
ote 


Crystal violet 1:500,000 

Penicillin 0.003 u./ml. 25 u./ml. 
pe ‘ 

Streptomycin 0.0006 u./ml. 5 u./ml. 


+ 
Crystal violet 1:7,500,000,000 1:1,000,000 


*In vitro tests by the Rammelkamp method for penicillin assay. 


4In vitro tests with various amounts of antibiotic or mixtures added to 0.5 per cent 
glucose broth containing a standard inoculum of C. albicans. Subcultures made to glucose 
broth to determine the fungicidal concentration. 


tColeman and Bell, certified. 





Since erystal violet is a well-known fungicide, dilutions of crystal violet 
were tested for toxicity to the chorioallantoic membrane, to the virus of herpes 
simplex, and to Candida albicans, in order to see if it could be used to control 
the fungi occasionally encountered in sputum. On the basis of these studies, 
crystal violet was added to the antibiotic mixture to make a final concentration 
in the clinical specimen of 1 to 50,000. Although the addition of erystal violet 
caused a precipitate to form (the crystal violet base apparently precipitates with 
the penicillin anion), the bactericidal properties of the mixture were enhanced 
rather than reduced, as shown in Table II. This mixture sterilized sputum which 
was naturally or artificially contaminated with C. albicans and permitted the 
isolation of herpes simplex when present. In spite of its efficacy, crystal violet 
has not been used routinely because, in our experience, contaminating fungi were 
seldom encountered. 

Inoculation of Eggs—Two to four eggs prepared by the ‘‘false air sac 
technic’’24 each were inoculated through the hole over the false air sae with 0.05 
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Fig. 2.—Chorioallantoic membrane of chick embryos, forty hours after infection with herpes 
simplex. Each “plaque” is produced by one infectious unit. (X3.0.) 


Fig. 3.—Section of chorioallantoic membrane infected with herpes simplex. A single “plaque’ 
is present, consisting of a proliferation of epithelial cells. Hematoxylin and eosin (X80). 
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Fig. 4.—High-power section of Fig. 3. Marked proliferation of epithelial cells, many of 
whose nuclei show marginated chromatin and contain a characteristic homogeneous “ground 
glass” inclusion body. Hematoxylin and eosin (X600). 


ml. of the specimen to be tested. The hole was protected from dust by a piece 


of Seotch tape folded in such a way that the hole in the shell was not tightly 
sealed. If the hole is sealed completely, the true air sac refills and the false air 
sae is gradually obliterated. ; 

After inoculation, the eggs were kept on their sides and ineubated for forty- 
eight to seventy-two hours at 35 to 36° C. The identity of any virus isolated was 
established by: (a) the gross appearance of the plaques on the chorioallantois 
(Fig. 2); (b) by serial passage on the chorioallantoic membrane; (¢) by demon- 
stration of the typical intranuclear inclusion bodies’ in histologic sections of the 
infected chorioallantoic membrane (Figs. 3 and 4); (d) by neutralization tests 
with the newly isolated virus and hyperimmune rabbit serum.°® 


APPEARANCE OF INFECTED MEMBRANES 


Gross Characteristics—The appearance of herpes simplex on the chorio- 
allantoie membrane is well illustrated in Fig. 2. Clear-cut infection of the mem- 
brane with herpes virus produces small white plaques*: on primary isolation, 
these plaques may be 0.1 to 1.0 mm. in diameter, but after several serial passages 
they average 0.5 to 1.0 millimeter. They are usually round or oval, but may be 
elongated or tailed; they are dense in the center, with only a slight halo of meso- 
dermal reaction. If the plaque is wiped off, which is easily accomplished, the 
mesodermal reaction can be seen as a faint shadow. If the infected membranes 
are incubated more than forty-eight hours, small satellite plaques may appear 
and they eventually interfere with an accurate enumeration of the original 

*For etymological reasons, we prefer the term plaque to that of pock, since the lesion 


consists of superficial proliferation of epithelial cells which appear to be applied to the sur- 
face (a plaque) rather than consisting of a pustule (a pock). 
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plaques. In many successful isolations, there was gross evidence of virus on the 
. first passage. However, some virus strains grew poorly at first, and nonspecific 
opacities on the chorioallantoic membrane could be confusing, so that at least 
three serial passages were made before discarding a specimen as negative. 
Microscopic Characteristics—As soon as typical plaques were evident, 
piece of the membrane was fixed for histologic examinaticn. Examination of the 
tissue under low power showed the plaque to be compused of proliferated ecto- 
dermal cells, with a minimum of inflammatory reaction in the mesodermal and 
entodermal cell (Fig. 3) layers. Many of the ectodermal cells in the plaque 
contained homogeneous intranuclear inclusion bodies (Fig. 4) similar to those 
seen in the infected rabbit cornea or brain (Fig. 1). 
Hematoxylin and eosin staining of Zenker’s acetic acid fixed tissue has been 
satisfactory for both animal and egg tissues. 


SUMMARY AND CONCLUSIONS 


1. For the isolation and identification of herpes simplex virus, the chorio- 
allantoic membrane of the embryonated egg is as reliable as the rabbit cornea. 

2. A suitable nonallergenic diluent for preserving the virus is 0.5 per cent 
gelatin in physiologic saline phosphate buffered to pH 7.2. 

3. Contaminated materials must be treated with an antibiotic mixture be- 
fore inoculation. A final concentration of penicillin 500 units per milliliter and 
streptomyein 100 ng per milliliter is nontoxic to the herpes simplex virus and to 
the egg, but is bactericidal for saliva or skin washings. For specimens contain- 


ing yeasts not inhibited by penicillin and streptomycin, the addition of crystal 
violet in a final concentration of 1 to 50,000 is effective. 
4. The gross and microscopic appearances of herpes infected chorioallantoic 


membranes are described. 
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THE THERAPEUTIC EFFECT OF TRYPTOPHANE 
IN HUMAN PELLAGRA 
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AND WILLIAM B. Bran, M.D. 
CINCINNATI, OHIO 


METABOLIC relationship between tryptophane and niacin has been 

demonstrated in laboratory animals and in man. Krehl, Tepley, Sarma, 
and Elvehjem! showed that niacin deficiency induced in rats by a corn diet 
could be corrected by tryptophane as readily as by niacin. <A similar metabolic 
relationship has been demonstrated in the pig,? and the horse* and the cotton 
rat.2 More recently Sarett and Goldsmith* > and, independently, Perlzweig, 
Rosen, Levitas, and Robinson® have shown that human adults and infants given 
1 to 5 Gm. of tryptophane daily excrete a much larger amount of N'-methyl- 
nicotinamide in the urine than is found under basal conditions. 

These experiments were suggested by the observation that diets which de- 
pend largely on corn and corn products for protein are more highly pellagra- 
genic than diets equally low in niacin but which contain diversified proteins. 
The mechanism for such an effect was obscure until Krehl, Tepley, Sarma, and 
Elvehjem' showed that rats, a species not affected adversely by a diet deficient 
only in niacin, developed signs of niacin deficiency when fed a corn diet. Tryp- 
tophane restored these animals to health and it was suggested that a deficiency 
of tryptophane in the corn diet was the controlling factor. At first it seemed 
likely that tryptophane exerted ‘its protective effect through the synthesis of 
niacin by enteric microorganisms.t More recent evidence, however, indicates 
that tryptophane may be a direct precursor of niacin, that the conversion occurs 
after absorption” § and is influenced by pyridoxine.” 1° 1) 1? 

The final proof of the effectiveness of this conversion in man depends upon 
the demonstration that tryptophane will relieve the acute manifestations of elini- 
eal pellagra. We wish to report such observations on one patient with acute 
pellagrous glossitis, dermatitis, vaginitis, and diarrhea, and another with chronic 
pellagrous dermatitis. 

Each patient was fed a diet devoid of vitamin C and low in vitamins of the 
B complex. It had the following composition: calories, 3,127; protein, 41.7 
Gm.; fat, 27 Gm.; thiamine, 0.42 mg.; niacin, 4.2 mg.; riboflavin, 0.60 mg.; vita- 
min C, 0 mg.; tryptophane, 0.07 gram. Tryptophane was administered orally in 
2 Gm. doses three times daily, and twenty-four hour urine specimens were col- 
lected whenever possible and analyzed for N'-methylnicotinamide.!? Normal 
values in our laboratory for N'-methylnicotinamide in the urine range from 2.5 
to 5.5 mg. per twenty-four hours. Clinical observations were made daily by 
at least two observers. 

From the Department of Internal Medicine, College of Medicine, University of Cincinnati. 
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CASE REPORTS 


Case 1.—M. O., a 30-year-old, unemployed, colored woman, was admitted to the Cin- 
cinnati General Hospital on July 15, 1948, complaining of painful feet, paresthesias, burning, 
numbness and swelling of the legs of two months’ duration. Diarrhea consisting of four to 
eight brown liquid stools per day had been present for one morth. She also had noted an 
eruption over the forearms and legs of unknown duration. She had lost 15 pounds of weight. 

The patient stated that she ate two meals per day consisting of fatty pork three times 
a week, six eggs per week, one pint of milk per day, and some vegetables, She was addicted 
to aleohol. The dietary history could not be verified. 

Physical examination revealed a chronically ill, malnourished Negress, moderately well 
oriented but with poor memory and below normal intelligence. Blood pressure, 140/90; tem- 
perature, 99° F.; pulse, 90; respirations, 24. There were perfectly symmetrical pellagrous 
skin lesions on the wrists, dorsal forearms, ankles, legs, and knees, These were deeply pig- 
mented, hyperkeratotic, and sharply demarcated from the surrounding normal skin. Over the 
bridge of the nose were numerous small hyperkeratotic hair follicles. The tongue was pale 
with the exception of the tip and edges where it was smooth, swollen, and spotted with 
clusters of very red, congested papillae, producing fiery red areas on a pale background. 
There were also spotty areas of stomatitis with one eroded area on the buceal mucous 
membrane. The eyes, neck, heart, and lungs were normal. The abdomen was normal 
except for scars from a bullet wound and a laparotomy. The vaginal examination revealed 
inflamed mucous membrane. There was moderate edema of the ankles. The neurological 
examination revealed normal reflexes and motor power, but there was marked hyper- 
esthesia of the right foot and moderate hyperesthesia of the left foot from the ankles 
down, with afterglow in both feet. 


Laboratory Data: On admission, the erythrocytes numbered 3.40 million per cubie milli- 
meter; the hemoglobin, 9.8 Gm. per 100 ¢.c.; the hematocrit, 32 per cent; the reticulocytes, 
3.8 per cent; the platelets, 289,000 per cubic millimeter; mean corpuscular volume, 94 cubic 
microns; mean corpuscular hemoglobin, 29 micromicrograms, mean corpuscular hemoglobin 
coneentration, 31 per cent; and the white blood cells, 6,200 per c.mm. with a normal differ- 
ential count. The bone marrow showed mild hypoplasia of all elements with a slight 
increase in plasma cells. The blood urea nitrogen was 3.7 mg. per 100 ¢.¢.; the prothrombin 
concentration, 68 per cent; the Kahn test, negative; thymol turbidity, 2 units; thymol 
flocculation, +; and cephalin flocculation, +++ in twenty-four and forty-eight hours. Serum 


TaspLE I. A TABULAR SUMMARY OF THE RESPONSE TO TREATMENT IN CASE 1, A PERSON WITH 
Acute PELLAGRA, PARTICULARLY THE EFFECT OF TRYPTOPHANE ON THE GLOSSITIS, VAGINITIS, 
DraRRHEA AND TWENTY-Four Hour EXcRETIONS Or N1-METHYLNICOTINAMIDE IN THE URINE 
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*Fifty milligrams of thiamine were administered on this day and 25 mg. on each day 
thereafter. 
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ilirubin was 0.15 mg. per 100 ¢.c. prompt; 0.5 mg. per 100 ¢.c. total. The liver biopsy 
howed severe fatty vacuolization. The urine was negative and the stool a liquid brown 
-olor without blood, pus cells, ova, or parasites. The electrocardiogram was normal. The 
otal protein was 7.56 Gm. per 100 ¢.¢c., with albumin 3.3 Gm. per 100 ¢.c. and globulin 4.2 
‘im. per 100 ¢.¢.; these tests were repeated in one week, and the total protein was 6.2 Gm. 
per 100 ¢.¢., albumin 2.65 Gm. per 100 ¢.¢., and globulin 3.55 Gm. per 100 cubie centimeters. 
‘he serum vitamin C was 0 mg. per 100 ¢.c.; serum vitamin A was 40 ug per 100 c.c.; 
‘arotene, 28 ug per 100 cubic centimeters. Thiamine excretion in the urine in twenty-four 
hours was 5.5 ug, and after a test dose of 5 mg. by mouth the patient excreted less than 
| per cent of the test dose in four hours. Riboflavin urinary excretion in twenty-four hours 
was 434.5 wg, and in four hours after 5 mg. of riboflavin by mouth, 2.94 milligrams. For 
irinary N1-methylnicotinamide see Table I. X-rays of chest and abdomen were negative. 

The patient was placed at bed rest and given a diet low in vitamin B complex and 
free of vitamin C. Because of the severe diarrhea, twenty-four hour urine specimens could 
not be obtained prior to treatment. 

On the second hospital day, the tongue was redder and had a small serpiginous ulcer 
on the right lateral margin. That afternoon the patient was given 50 mg. of Demerol in 
preparation for a liver biopsy. That night she began to confabulate and had hallucinations. 
This psychotic behavior was thought to be due to B complex deficiency encephalopathy 
exaggerated by Demerol. On the morning of the third day, tryptophane 2 Gm. three times 
daily was started and a twenty-four hour urine specimen was obtained. On the next day 
the ulcer on the tongue began to heal, although red papillae were still evident. The patient 
was still confused and paranoid and had hallucinations. By the fifth hospital day the 
tongue was much improved; the ulcer had healed but a few red papillae remained which 
disappeared by the next day. The psychotic behavior and the encephalopathy continued, 
however, and since severe vitamin B complex deficiency particularly of thiamine was 
thought to be the cause, the patient was given 50 mg. thiamine and 10 mg. riboflavin on 
the seventh hospital day over an eighteen hour period. She was also given 2,000 c.c. of 
5 per cent glucose in water intravenously. There was a rapid response. By that evening 
the psychotic manifestation had vanished. At this time, the acute aspects of the skin 
lesions were regressing rapidly, the tongue was healed, the diarrhea controlled, and the 
encephalopathy had cleared. Since tryptophane was available in only a limited quantity 
it was discontinued and a B complex material which contained 100 mg. of niacinamide per 
cubie centimeter was started. The patient received % e.ec. at this time and on each day 
thereafter. The peripheral neuritis responded slowly but had cleared almost completely 
after two more weeks of treatment. The patient was discharged after twenty-six days 
in the hospital. 


CasE 2.—H. J., a 62-year-old, colored, common laborer, was admitted to Cincinnati 
General Hospital on Sept. 23, 1948, from the city workhouse for study. He had no com- 
plaints except for skin lesions of four weeks’ duration which he attributed to burns con- 
traeted while lying drunk in the sun. He had noticed some numbness and tingling of the 
feet and mild diarrhea for an undetermined period of time. 

His appetite was good. His diet consisted of ham skins, ham fat, potatoes, onions, 
celery, and cabbage all combined to make stew which he ate one to two times a day. 
He admitted heavy alcohol intake of at least one quart of ‘‘D-rail’’ (denatured alcohol) 
per day. By mistake he had been given one vitamin capsule containing 30 mg. of niacin 
while in the workhouse hospital one day before admission. 

In 1939 he had been in Cincinnati General Hospital with a diagnosis of pellagrous 
dermatitis and glossitis, polyneuritis and chronic alcoholism, On that admission the skin 
and mouth lesions cleared after treatment with niacin. 

The physical examination revealed a well-developed, poorly nourished Negro man 
who did not appear ill. There were perfectly symmetrical pellagrous lesions involving the 
extensor surface of the forearms which were deeply pigmented, hyperkeratotie, sealing, 
and sharply demarcated from the surrounding normal skin, There were similar lesions 
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TABLE -II. THE Errect oF TRYPTOPHANE ON THE EXCRETION OF N1-METHYLNICOTINAMIDE IN THE UR:NE 
OF CASE 2, A PERSON WITH CHRONIC PELLAGROUS DERMATITIS; THIS PATIENT RECEIVED 30 MG. OF 
NrAcin INADVERTENTLY BEFORE THIS StupY WAS BEGUN 
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involving the collar area of the neck, the ear lobes, and to a lesser extent the groin and 
feet. The tongue showed only papillary atrophy along the margins. ‘There was severe 
hyperesthesia and decreased vibration perception in the feet, and the ankle jerks were 






absent. 












Laboratory Data: The erythrocytes numbered 2.51 million per cubic millimeter; the 
hemoglobin, 9.06 Gm. per 100 ¢.c.; and the white blood cells, 7.250 per cubic millimeter 
with a normal differential count. The urine was normal. The serum protein was 6.85 Gm. 






















per 100 ¢.c.; urinary thiamine was 17.4 wg in twenty-four hours, and after a test dose (0.5 
mg. intramuscularly) 4.4 per cent was excreted in four hours. Urinary riboflavin was 1.16 





mg. in twenty-four hours. See Table II for N1-methylnicotinamide excretion. 

The patient was placed on a diet low in vitamin B complex and free of vitamin C, 
and twenty-four hour urine specimens were collected. After three days he was given 
tryptophane, 2 Gm. thrice daily until a total of 20 Gm. was given. By the end of the first 
week the skin lesions had begun to clear and disappeared gradually during the next two 
weeks. The patient was discharged after twenty-one days in the hospital. 


DISCUSSION 

In the first case tryptophane orally in total daily doses of 6 Gm. induced 
a remission in the acute pellagrous glossitis, stomatitis, vaginitis, and diarrhea. 
Concomitantly there was an increase in N'-methylnicotinamide in the urine from 
extremely low to almost normal levels. Subsequently 50 mg. nicotinamide daily 
induced a rapid and great increase in the amount of N‘-methylnicotinamide in 
the urine suggesting that tryptophane may have replenished the body stores of 
nicotinamide, In this patient the encephalopathy did not clear completely until 
thiamine was given, which suggests that it was due at least in part to thiamine 
deficiency. 

The second ease is included to show that tryptophane increased the amount 
of N'-methylnicotinamide in the urine of a pellagrin rapidly to high levels just 
as it will in normal persons on diets ‘restricted in niacin. This subject was not 
ill when he was admitted to the hospital and it is probable that tissue niacin had 
been restored by the workhouse diet and the one dose of 30 mg. niacin before 
he was hospitalized. The skin lesions in this patient, though typically pellagrous, 
were too chronie and indolent to allow eritical judgment on the therapeutic 
effect of tryptophane. 
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SUMMARY AND CONCLUSIONS 


Tryptophane in 6 Gm. oral doses induced a remission in typical acute 


pellagrous lesions. 


It caused an increased excretion of N'-methylnicotinamide in the urine of 


pellagrins at a slower rate but in the same manner as in normal persons. 


These observations suggest that tryptophane and niacin are closely related 


in their role in human as well as in animal nutrition. 


We wish to acknowledge the technical assistance of Mrs. Betty Fichter in performing 


the Ni-methylnicotinamide determinations and to thank Dr. A. Gibson of Merck & Co., 
Ine., for a generous supply of tryptophane. 
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A STUDY OF HISTOCHEMICAL IRON USING TRACER METHODS 


K. M. Enpicortr, M.D., T. Giutman, M.D.,* G. Brecuer, M.D., 
A. T. Ness, Pu.D., F. A. Cuarke, B.S., AND EK, R. ADAMIK 
BetTHEspA, Mp. 


ILLMAN and Ivy' recently presented a preliminary note on their investiga- 

tion of the histochemically demonstrable iron in the duodenum, mesenteric 
lymph node, spleen, and liver of guinea pigs, following a single iron meal. Three 
phases of iron absorption were described. The first phase (zero to one and one- 
half hours) was characterized by the appearance of a diffuse iron reaction in the 
basal pole of the duodenal epithelium and in the submucosal and mesenteric 
lymphatics. The second phase (three to eight hours) was characterized by a 
marked increase of granular iron in the luminal pole of the epithelial cells. The 
third phase (eight to seventy-two hours) was characterized by a melting away 
of the granular iron in the epithelium and an inerease of iron in the phagocytes 
near the tip of the villi and in the mesenteric lymph node. It was noted that 
the formation of iron granules in the duodenal epithelium in anemie and in 
turpentine injected animals was distinctly limited, and the suggestion was made 
that these granules represent the morphologic expression of mucosal block. The 
conclusion was drawn that the reticuloendothelial system and the lymphatics 
play a critical role in iron absorption and transport. 

The tracer studies here reported were undertaken for the purpose of testing 
these preliminary observations more exhaustively. The histochemical studies in 
guinea pigs were repeated and extended and were carried out with simultaneous 
radioautographs and routine tracer studies. In order to investigate the effect 
of diet, a number of experiments were undertaken with rats maintained on 
purified diets, the iron content of which was carefully controlled. By such 
methods and particularly by the use of liquid emulsion radioautography it was 
possible to determine whether the histochemical iron originated in the test meal 
or elsewhere. 

The experiments did not confirm the previous suggestions. Visible iron in 
the duodenal epithelium did not undergo a well-defined cycle of changes after 
a single iron meal. The amount of visible iron in the epithelium had no apparent 
effect on the amount of iron absorbed. The intestinal lymphatics played little 
or no part in the transport of the iron absorbed from the test meal. The iron 
demonstrated histochemically in the reticuloendothelial cells was derived largely 
from sourees other than the single test meal, and the evidence suggests that 
under the conditions of our experiments these cells are coneerned with iron 
storage rather than with absorption and transport. 


From the Pathology Laboratory, Experimental Biology and Medicine Institute, National 
Institutes of Health. 

Received for publication, Oct. 11, 1948. 

*Adams Memorial Fellow of the University of the Witwatersrand, Johannesburg, South 
Africa, and Donner Foundation Fellow for 1948. 
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STUDY OF HISTOCHEMICAL IRON USING TRACER METHODS 


METHODS AND MATERIALS 


The radioiron had an activity of 1.35 me. of Fe. 59 and 3.1 me. of Fe 55 per gram at 
the beginning of the experiments. It was given orally or by stomach tube in the form of 
ferrous ammonium sulfate with milk or water as the vehicle. Samples of tissues and excreta 
were ashed and the iron was electroplated by the method of Vosburgh, Flexner, and Cowie.? 
Radioactivity was measured with a thin mica end-window Geiger counter. Tissues for histo- 
chemical study were fixed in Carnoy’s fluid and formalin or alcohol-formalin and were stained 
for iron by Dry’s modification of Perl’s method,3 or by Gomori’s method.4 Radioautographs 
were prepared in duplicate. One paraffin section subsequently stained by Dry’s method was 
used for a routine contact radioautograph with Ansco nonscreen x-ray film. A second section 
stained for iron was coated with celloidin and a liquid photographic emulsion was poured on 
the slides and allowed to set and dry. After proper exposure the preparation was developed, 
fixed, dried, mounted in xylol-Clarite and covered with a cover slip. 

Animals used were guinea pigs, albino rats, and one dog. Guinea pigs of 240 to 480 
grams were maintained for at least two weeks on a stock pellet diet containing 32 mg. of 
iron per 100 grams. All food and water were withheld for twenty-four hours before giving 
20 mg. of radioiron by mouth. 

A number of guinea pigs, made anemic one week prior to the experiment by one bleed- 
ing of 8 to 10 e.c. from the heart, also were given radioiron. Control animals, both normal 
and anemic, were treated identically, except that no radioiron was administered to them. 
Animals were killed thirty minutes to seventy-two hours after administration of the test 
dose of iron. Controls were killed at identical intervals during the same period. The net 
absorption of the single dose of tagged iron was calculated by subtracting from the total 
dose that iron recovered in the excreta and gut contents. Portions of mesenteric and cervical 
nodes, spleen and liver, and samples of blood were ashed and the content of radioiron was 
determined as micrograms per gram of tissue or blood. 

Weanling rats of 40 to 60 grams were kept on purified diets containing 61 per cent 
sucrose, 25 per cent casein, 10 per cent Crisco, and 4 per cent of Hubbel’s5 salt mixture from 
which the iron was omitted. To each kilogram of diet were added 20 milligrams niacin, 40 
milligrams calcium pantothenate, 0.01 milligram biotin, 20 milligrams riboflavin, 10 milligrams 
thiamine hydrochloride, 10 milligrams of pyridoxine, 2 grams of choline, and 4 milligrams 
vitamin K. All rats received 3 milligrams alpha tocopherol, in 0.05 ¢.c. ethyl laurate once 
a week, and 2,000 units of vitamin A and 400 units of vitamin D in corn oil twice a week. 
The basic diet contained 15 mg. of iron per 100 Gm. of diet, of which 1 to 2 mg. were iron 
impurities in the salt mixture and the remainder was in the purified casein. Forty-eight 
rats used in one experiment were dixided into three equal groups. Group A received a high 
iron diet, 50 mg. of iron as ferric phosphate being added to each 100 Gm. of diet. Groups 
B and C received the basic low iron diet without iron supplement. The animals were kept 
on these diets for five weeks prior to the administration of radioiron. During the fifth 
week, Group C animals were bled 2 per cent of their body weight on alternate days until 
the hemoglobin values were 6 to 9 Gm, per cent (14 to 17 Gm. per cent in Groups A and B). 
At the end of the fifth week all animals were starved for twenty-four hours, after which 1 
mg. of radioiron was given in water by stomach tube; the control animals received nothing. 

In another experiment designed to eliminate the possible effects of twenty-four hours 
of starvation, sixteen rats were kept for four weeks on a high iron diet. Three days prior 
to the administration of 1 mg. of radioactive iron as ferrous ammonium sulfate, half the 
animals (A,) were placed on a low iron diet for the remainder of the experiment while the 
other animals were kept on a high iron diet throughout (A,). Food was not withheld even 
after the test meal was given. Animals were killed two, six, and twenty-four hours after 
the administration of the test dose. Control animals on the same diets were given no test 
dose of radioiron but were killed at corresponding times. 

In order to determine absorption of iron by way of the lymphatics, a 10 kilogram 
female terrier was prepared by inserting in the thoracic duct a plastic canula which was 
sarried through the skin incision. After two days the dog was given 87 mg. of tagged iron 
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-TABLE I. COMPARISON OF VISIBLE IRON AND RADIOIRON IN THE DUODENUM OF GUINEA PIGS 
AT VARIOUS INTERVALS AFTER A TEST MEAL OF 20 MG. OF RADIOIRON AS FERROUS 
AMMONIUM SULFATE IN 6 PER CENT SUCROSE SOLUTION 
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as ferrous ammonium sulfate by stomach tube in 300 ¢.c. of whole milk. The entire flow 
of thoracic duct lymph for the following six hours was collected in three parts. Blood 


samples were collected at three and five hours, 


RESULTS 

Histochemically demonstrable iron will be referred to as visible iron. 
Radioactive iron demonstrated either by radioautographs or by Geiger counters 
will be referred to as radioiron. Control animals will be those handled exactly 
as their experimental counterparts except that they received no test dose. 

In Tables I to III are tabulated the results of the experiments with guinea 
pigs. Inspection of these tables reveals that we were unable to confirm some of 
the observations of Gillman and Ivy regarding visible iron in. guinea pigs. The 
distribution and amount of visible iron in the various organs evidently did not 
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TABLE II. COMPARISON OF VISIBLE IRON AND RADIOIRON IN THE DUODENUM OF GUINEA PIGS 
AT VARIOUS INTERVALS AFTER A TEST MEAL OF RADIOIRON IN SUCROSE, 
MILK, AND WATER VEHICLE 








VISIBLE IRON RADIOIRON 
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TEST MEAL| EPITHE- | EPITHE- IN RADIOAUTO- 
EXPERIMENTAL |GUINEA|TO DEATH | LIAL LIAL PHAGO- | GRAPHIC 
CONDITIONS PIG (HR.) |GRANULES| FLUSH CYTES | DENSITY | DISTRIBUTION 
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change regularly in a cyclic form after a single iron meal under the present 
experimental conditions. In fact, in view of the erratic variation in the experi- 
mental groups and the occurrence of the same range of variation in the control 
groups which had received no test meal of iron, one would be led to doubt 
whether the test meal had any particular effect on the visible iron and would be 
inclined to believe that the visible iron must not have originated in the test 
meal. 

The radioautographs and other tracer studies on these same animals indi- 
eate clearly that most of the visible iron did not originate in the test meal. 
There is no correlation between the distribution or amount of visible iron and the 
distribution or amount of radioiron. For example, in the duodenal epithelium 
of a given animal the visible iron varied erratically from one villus to another, 
while the radioiron, as shown by radioautographs, diminished smoothly from a 
maximum near the pylorus to a minimum in the proximal jejunum. 


Similarly we were unable to confirm the observation that the formation of 
epithelial granular iron was reduced in anemic guinea pigs. In fact, in Table II 
one notes that anemic animals tended to have more granules than normal ani- 
mals. These findings throw some doubt on the suggestion of Gillman and Ivy 
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TABLE IV. VISIBLE IRON IN THE DUODENUM AND SPLEEN OF RATS FED DIFFERENT DIETS 








GROUPS 


VISIBLE IRON IN DUODENUM 





EPITHELIUM 


STROMA 





AFTER TEST 
DOSE OF 
1 MG. IRON 


CONTROLS, NO 
TEST DOSE 


AFTER TEST 
DOSE OF 
1 MG. IRON 


CONTROLS, NO 
TEST DOSE 


VISIBLE IRON 
IN SPLEEN 








A—High iron diet 


Present in 8 
Absent in 1 


Present in 3 
Absent in 3 


Present in 9 


Present in 4 
Absent in 2 





A,—High iron diet 
plus 3 days low 
iron diet 


Present in 1 
Absent in 2 


Absent in 4 


9 


Present in 3 


Present in 4 





A,—High iron diet 


Present in 2 
Absent in 3 


Absent in 3 
Present in 1 


Present in 5 


Present in 4 





Present in 5 


Absent in 1 


Absent in 10 


Absent in 1 


B—Low iron diet 1+ or 2+ 


Absent in 5 
Present in 6 
Absent in 4 





C—Low iron diet and Absent in 4 Absent in 4 


Absent in 8 
bled from tail vein 2 


Present in 2 




















Groups A, B, and C, starved for twenty-four hours prior to administration of test dose. 


Groups Ai and Ag, not starved. 


that the epithelial granular iron is a morphologic expression of mucosal block. 
The tracer studies were interesting in this connection. Despite the wide varia- 
tion in amount of visible granular iron in the duodenal epithelium, the normal 
animals all absorbed about 15 per cent of the test meal iron while all anemic 
animals absorbed about 50 per cent. 

The results of the guinea pig experiments were somewhat equivocal as to 
the role of the reticuloendothelial and lymphatie systems. The amount of visible 
iron in the lvmph nodes, spleen, and liver did not correlate with the amount of 
radioiron. However, since most of the samples of these tissues were obtained 
more than two hours after the ‘test meal and since absorption studies indicated 
that most of the absorption occurred in the first two hours, one could not exclude 
the possibility that the iron might already have entered the blood via the 
intestinal lymphaties and thoracic duet. 

After efforts at quantitative collection of thoracie duct lymph in guinea 
pigs, rats, and rabbits had failed, the dog experiment was done for the purpose 
of determining to what extent iron entered the organism via the thoracic duct. 
The entire flow of thoracic duet lymph for six hours after the radioiron test 
meal contained only 10.28 yg of the test dose of iron. Assuming a blood volume 
equivalent to 8 per cent of body weight, the blood samples collected at three and 
five hours indicated that the blood stream alone contained 104 and 196 yg of 
the radioiron respectively. In this one dog, absorbed iron was transported 
almost exclusively via the portal vein. 

Having failed to confirm these findings of Gillman and Ivy and having 
arrived at no clear understanding of the significance of visible iron, we under- 
took the rat studies in the hope that careful control of dietary iron over rela- 
tively long periods might yield more illuminating results. 

The results are tabulated briefly in Table IV. Visible iron occurred in 
much smaller amounts in rats than in guinea pigs, although when present it 
occurred in the same form and same locations. There was no clear-cut post- 
prandial eyele and no correlation between visible iron and radioiron. In a series 
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of unpublished experiments we were unable to relate the variation in amount 
and distribution of visible iron to the type of iron in the diet and, although a 
variety of ferrous and ferric compounds were tested as well as the stock guinea 
pig diet, we have been unable to increase the visible duodenal iron in rats to the 
levels seen in guinea pigs. 

In rats, as in guinea pigs, the amount of visible iron varied considerably 
even in groups having been maintained for weeks on the same carefully con- 
trolled iron intake. However, in twenty-six of forty-seven rats receiving high 
iron diet or test meal of iron within twenty-four hours before being killed, visible 
iron was demonstrated in the duodenal epithelium while it was absent in all of 
nine rats (A, controls, B controls, and C controls) which had received a low iron 
diet for at least three days and no test meal. This suggests that considerable 
iron has been present in the diet within the last few days of life when visible 
iron is found in the duodenal epithelium. In twenty-nine of thirty-one rats 
given a high iron diet for several weeks, visible iron was present in the phago- 
cytes of the duodenal stroma but was absent in twenty-three of twenty-five rats 
given a low iron diet throughout. Administration of a low iron diet for three 
days following several weeks of high iron diet (Group A,) did not result in 
the disappearance of the visible iron in the stroma. Apparently this stromal 
iron accumulates during periods of considerable iron intake and disappears 
more slowly than the epithelial iron during periods of low iron intake. 


The amount of visible splenie iron in rats showed no relationship to the 
single test meal but was uniformly high in all rats on a high iron diet, moderate 
in rats on a low iron diet, and absent in anemic rats on a low iron diet. These 
findings are consistent with the widely accepted view that visible iron in the 
spleen is storage iron which reflects general levels of storage iron except in condi- 
tions characterized by excessive destruction of red cells. 


SUMMARY 


1. Combined histochemical, radioautographic, and tracer methods were used 
to study the absorption and distribution of single test meals of radioiron in 
guinea pigs, rats, and one dog. 

2. The iron demonstrated histochemically in the duodenal mucosa, the 
mesenteric and cervical lymph nodes, liver, and spleen was derived largely from 
sourees other than the single test meal. This visible iron did not undergo well- 
defined cyclic changes after a single iron meal. It accumulated over a period of 
days or weeks of continued intake of a diet containing considerable iron. It 
behaved more like storage iron than iron in transport. 

3. The visible granular iron in the duodenal epithelium exerted no demon- 
strable effect on the amount of iron absorbed, and it did not appear to be a 
morphologie expression of mucosal block. 

4. Most of the radioiron of the test meal traversed the duodenal epithelium 
rapidly. In one dog it was transported from the intestine via the portal vein— 
only insignificant amounts being found in thoracic duet lymph. 
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5. There was no evidence to indicate that the reticuloendothelial system 
participated directly in the absorption of iron from the intestine or transport of 
the absorbed iron from the intestine to the liver, blood, and other organs and 
tissues. 
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LABORATORY METHODS 


NEEDLE BIOPSY OF THE LIVER USING OXIDIZED CELLULOSE 
AND THROMBIN TO PREVENT HEMORRHAGE 


H. L. Cuay, M.D., anp Lewis Dickinson, M.D. 
LOUISVILLE, Ky. 


URING the past fifty years needle biopsy of the liver has been performed 

for purposes of diagnosis and study of the etiology, pathogenesis, and altered 
physiology in various diseases of the liver. This relatively simple bedside pro- 
cedure has been at times a helpful tool for the investigator in attempting to 
evaluate different regimes of therapy and various liver function tests. Needle 
biopsy offers several advantages over other methods of obtaining material for 
microscopic study. A needle biopsy sample of liver tissue can be immediately 
fixed, stained, and studied without the necessity of attempting to evaluate the 
autolytie changes that may be encountered at times in post-mortem material. 
Another advantage of needle biopsy is that repeated studies of the same patient’s 
liver can be earriéd out at varied intervals, whereas it is not usually feasible to 
repeat laparotomies merely to examine microscopically sections of the liver. In 
some instances patients critically ill with cancer have been spared the discom- 
forts of an unnecessary exploratory laparotomy because it has been possible to 
confirm the presence of hepatic metastasis by means of microscopic examination 
of material from a diagnostic needle biopsy of the liver. Sinee this procedure at 
times offers so much from a diagnostic and clinical standpoint, one might wonder 
why there have been only about 2,000 instances of its use reported in the litera- 
ture during the past half century. Examination of the mortality and complica- 
tions following the use of this procedure as reported'"'! readily reveals the reason 
for the lack of a more general interest and application of needle biopsy of the 
liver. It is noteworthy that eleven of fourteen deaths reported in the literature 
as resulting from needle biopsy were due to hemorrhage and three were from 
peritonitis. 

METHOD 

The method which we used in our first 140 biopsies, 119 of which have been reported,12 
has been used extensively in this country and described in previous reports.4, 7,9, 12 The 
Vim Silverman needle was employed through an anterior subcostal approach. The pro- 
cedure which we are now using and have employed during our last eighty-five biopsies 
involves the use of the Vim Silverman needle in conjunction with a trocar, plunger, and 


eartridge for oxidized cellulose* (see Fig. 1). 


From the Department of Medicine, University of Louisville School of Medicine. 

Received for publication, Oct. 16, 1948. 

*The liver biopsy instruments used in this study were made for us by Mr. Harold Breed- 
ing, Instrument Technician, Department of Physiology, University of Louisville School of 
Medicine, and may be procured from Mr. Breeding. 
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Fig. 1.—Needle biopsy technique with modified Vim Silverman needle, trochar, cartridge for 
oxidized cellulose, and plunger. (See Method.) 


Bleeding, clotting, and prothrombin times are determined prior to biopsy and the 
patient is given intramuscular sodium phenobarbital sedation. With the patient lying on 
his back, the abdomen is prepared carefully with Merthiolate and alcohol and draped with 
sterile towels. The skin of the abdominal wall down to and including the peritoneum is 
then carefully infiltrated with novocain. A 2 to 3 mm. incision is made in the skin with 
a No. 11 Bard Parker blade to facilitate the introduction of the trocar and needle. For 
an enlarged liver the site usually selected is about 2 em. to the right of the midline and 
just below the costal margin, but this varies with the individual case, and depends upon 
the location of palpable nodules, or special areas, that one might desire to biopsy. The 
Vim Silverman needle locked inside the trocar by a set serew (as shown in 4, Fig. 1) is 
introduced through the skin and down into the liver until the entire bevel of the Silverman 
needle is beneath the liver capsule. The stylet is removed and the cutting blades are intro- 
duced through the Silverman needle 1.7 em. into the liver substance (as shown in B, 
Fig. 1). The cutting blades are then held firmly in place while the trocar and Silverman 
needle are also pushed down over the cutting blades 1.7 cm. into the liver tissue, thus 
shearing off the tissue protruding from the sides of the cutting blades. The set screw on 
the trocar is next released and the Silverman needle and cutting blades containing the 
biopsy are rotated through 360 degrees and removed together from the trocar. At this 
point the tip of the trocar is still 1.7 em. down into the liver substance at the base of the 
biopsy site (as shown in C, Fig. 1). The cartridge (shown in D, Fig. 1) containing oxidized 
cellulose (Oxycel or Gelfoam) which has been made pliable by soaking in thrombin solution 
is placed into the trocar and the plunger (shown in FZ, Fig. 1) is pushed down through the 
cartridge and trocar, forcing the cellulose plug into the base of the biopsy tract in the 
liver. As this is being done, the trocar is withdrawn from the liver, leaving the biopsy 
site packed with a plug of oxidized cellulose and thrombin (as shown in F, Fig. 1). Asa 
further adjunct to the control of bleeding, a small piece of gauze is placed over the skin 
incision and firm pressure is applied directly over the biopsy site with the gloved thumb 
for approximately five minutes. 
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The biopsy tissue is removed from the cutting blades and is immediately put into the 
fixative, or, if glycogen determinations are to be made, is immediately immersed in potas- 
sium hydroxide in a weighed container. The patient is kept as flat as possible for six to 
eight hours after the biopsy and is allowed out of bed in eighteen to twenty-four hours if 
there are no complications apparent or other contraindications for his being ambulatory. 










RESULTS 


In our first 119 biopsies without the trocar or oxidized cellulose and throm- 
bin, we had the following complications: Symptoms of shock in three instances 
(mild and readily overcome, plasma being used in only one case); mild bile 
peritonitis in two instances. In our present series of eighty-five cases using 
oxidized cellulose and thrombin, we have had no untoward symptoms or signs of 
any complication. . 








DISCUSSION 







The liver biopsy method outlined in this report was developed for the pri- 
mary purpose of reducing the danger of hemorrhage which has heretofore been 
the chief cause of mortality associated with this procedure. Proper selection of 
cases is still necessary, and eare in directing the needle is also very important, 
because perforation of a viscus with resultant peritonitis may occur. Further- 
more, it is felt that this procedure will certainly not prevent arterial hemorrhage 
as in the ease reported by Hoffbauer’; consequently, care must still be used in 
observing the patients after this procedure. 












SUMMARY 




















A method of employing oxidized cellulose and thrombin which may aid in 
preventing fatal hemorrhage from the liver following needle biopsy is herein 





presented. 
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DETECTION OF BROMATE IN BLOOD AND URINE 


A. L. Dunn, Pu.D., Ano A. R. McInryre, M.D., Px.D. 
OMAHA, NEB. 


ITH the widely prevalent use of bromate solutions in conjunction with 

hair-waving kits of various manufacturers, a need has arisen for a rapid 
qualitative test for bromate ion in blood and urine to establish with surety the 
presence of bromate in those rare instances in which accidental ingestion is 
suspected so that appropriate therapeutic measures can be instituted. A test is 
presented which has high sensitivity and utilizes reagents readily available in 
any hospital laboratory. Such eases of poisoning are rare, but the frequency 
of cases in which bromate poisoning is suspected has increased recently. This 
test will prove of value in making a positive diagnosis. 

One of the early uses of an azo dye such as methyl orange in a qualitative 
analysis for a halate was made by Besemann.’ Korenman? found that the de- 
colorization of methyl orange by bromate ion proceeded much more rapidly 
than by chlorate, iodate, and other oxidizing anions, and based a qualitative test 
for bromate on this decolorization by an acidified solution containing bromate 
ion. He claimed a sensitivity of 14 gammas in 2 ¢.c. of solution. Sarudi*® 
evolved a volumetric determination of bromates using methyl orange as an 
indicator. A comparison of volumetric analyses for bromate using the iodometric 
technique and using methyl orange as the indicator was made by von Stetina‘ 
who found that methods using methyl orange as an indicator were in good 
agreement with the iodometric technique. 

Korenman also established the quantities of other substances which obscure 
the decolorization of dilute methyl orange by 20 gammas of potassium bromate 
in weak acid solution. A summary of his figures is given in Table I. 

As a part of the development of the following procedure, a careful evalua- 
tion of some of the commonly available azo dyes was made. Their hues and 
intensities and relative sensitivities to bromate were studied. See Table II. 
Methyl orange in the dilution used and in acid medium has a pale pink color 
which is difficult to see in urine and impossible to use with plasma from blood 
in which the slightest hemolysis has occurred. Bismarek brown has a weak- 
yellow-brown color in dilute solution and hence is useless when determining 
bromate in urine. Congo red and trypan blue are more satisfactory but neither 
gives as strong a color in the dilution used as does Evans blue. Of the dyes 
investigated, Evans blue was superior in hue and intensity and was equal to 
any of the others in sensitivity to bromate. A very sharp, clean-cut test could 
be obtained with concentrations of potassium bromate of 10 gammas per cubic 
centimeter of tested fluid. Of all the substances having any likelihood of being 


From the Department of Physiology and Pharmacology, University of Nebraska College 
of Medicine. 
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the substances listed below. 


DUNN AND MCINTYRE 


TABLE I 
(By its rapidity in decolorizing 2 drops of 0.015 per cent methyl orange in weak acid, 20 
gammas of potassium bromate can be detected in the presence of the indicated amounts of 
Of the substances tested, nitrite is shown to be the most likely 

to interfere. 


Korenman.?) 






















KIO, 
KCI1O, 
KNO, 
K,Cr,0, 
K,Fe(C 
NaNO, 
NaCl 
KBr 


N)< 


(NH,),8,0, 


40 mg. 
20 mg. 
50 mg. 
3 mg. 
40 mg. 
300 y 
400 mg. 
200 mg. 
200 mg. 


(KBrO,: KIO, = 1:2,000) 
(KBrO,;:KCI1O,; = 1:1,000) 
(KBrO,:KNO, = 1:2,500) 
(KBrO,:K,Cr,0, = 1:150) 
(KBrO;:K,Fe(CN), = 1:2,000) 
(KBrO,:NaNO, = 1:15) 
(KBrO,:NaCl = 1:20,000) 
(KBrO,: KBr = 1:10,000) 
(KBrO,: (NH,),8,0, = 1:10,000) 








present in the blood or urine, only nitrite interfered by shifting the color of the 
dye from blue to violet or, in higher concentrations, by decolorizing it. 


This 


was to be expected since Korenman’s figures show that nitrite ion, among the 
substances he tested, approached nearest to bromate in its power of decolorizing 











TABLE II 
METHYL BISMARCK 
EVANS BLUE TRYPAN BLUE CONGO RED ORANGE BROWN 
IN 2 C.C. 0.01% 0.01% 0.01% 0.01% 0.01% 
SOLUTION (0.1 C.c.) (0.1 C.c.) (0:4:0:0.) (0.1 ©.c.) (0:1 'G:0.) 
KCIO, Blue Pale blue-violet Pale blue Pink Yellow-brown 
1mg. % 
KCIO, Blue Pale blue-violet Pale blue Pink Yellow-brown 
10 mg. % 
KCIO, Violet Pale blue— Pale blue— Pale pink— _—‘ Pale yellow 
100 mg. % colorless in colorless in colorless in 
one hour 25 min. 10 min. 
KBrO, Decolorized Decolorized in- Decolorized in- Decolorized in- Pale yellow 
1 mg. % instantly stantly stantly stantly 
KBrO, Decolorized Decolorized in- Decolorized in- Decolorized in- Decolorized in- 
10 mg. % instantly stantly stantly stantly stantly 
KBrO, Decolorized Deecolorized in- Decolorized in- Decolorized in- Decolorized in- 
100 mg. % instantly stantly stantly stantly stantly 
KIO, Blue Pale blue-violet Pale blue Pink Yellow-brown 
1lmg. % 
KIO, Blue Pale blue-violet Pale blue Pink Yellow-brown 
10 mg. % 
KIO, Blue Pale blue-violet Pale blue Pink Yellow-brown 
100 mg. % 
KNO, Blue Pale blue-violet Pale blue Pink Yellow-brown 
lmg. % 
KNO, Blue Pale blue-violet Pale blue Pink Yellow-brown 
10 mg. % 
KNO, Blue Pale blue-violet Pale blue Pink Yellow-brown 
100 mg. % 
Na,AsO, Blue Pale blue-violet Pale blue Pink Yellow-brown 
1mg. % 
Na,AsO, Blue Pale blue-violet Pale blue Pink Yellow-brown 
10 mg. % 
Na,AsO, Blue Pale blue-violet Pale blue Pink Yellow-brown 
100 mg. % 
NaNO, Very faint Faint blue Decolorized in- Pink Pale yellow 
1mg. % blue-violet stantly 
NaNO, Decolorized Faint blue Decolorized in- Pink, fades Pale yellow 
10 mg.% instantly stantly rapidly 
NaNO, Decolorized Very faint blue Decolorized in- Decolorized Yellow-brown 
instantly instantly 


100 mg. % 


stantly 
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methyl orange. The well-known reaction between nitrous acid and primary 
amines can be utilized to destroy nitrite, simply by the addition of an excess 
of urea to the acidified solution to be tested. When very minute quantities of 
bromate are present, the addition of urea slows the decolorization of the dye but 
does not interfere with the test. 


PROCEDURE 


To 2 e.c. of blood plasma or urine to be tested add 1 ¢.c. of 3 or 4N HCl. 
If plasma is used, centrifuge after adding the acid to throw down the proteins. 
Add 0.1 ¢.c. or 2 drops of 0.01 per cent Evans blue in water solution. Imme- 
diate fading of the blue color shows the presence of bromate. If nitrite is 
suspected, add 0.25 Gm. of urea and wait for the evolution of nitrogen to cease 
before adding the dye. When bromate is present in amounts corresponding to 
1 mg. per cent KBrO,, the time required to decolorize the dye in the presence 
of urea is lengthened to ten or fifteen seconds. 


‘SUMMARY 


A simple and rapid method for the detection and confirmation of the pres- 
ence of bromate in blood or urine has been described. The method is based on 
the selective decolorization of an azo dye, Evans blue, by bromate ion. 
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THE USE OF AZOALBUMIN AS A SUBSTRATE IN THE 
COLORIMETRIC DETERMINATION OF PEPTIC 
AND TRYPTIC ACTIVITY 


RupoueH M. ToMARELLI, PH.D., JESSE CHARNEY, M.S., AND 
Mary Lorp HarpineG, M.N. 
PHILADELPHIA, Pa. 


HE coupling of a protein with a diazotized aryl amine will produce a 

chromophorie derivative. Such an azoprotein may be precipitated from 
solution by trichloracetic acid to yield a colorless filtrate. If the azoprotein 
solution is subjected to proteolytic digestion, colored reaction products are 
formed which ‘are soluble in trichloracetic acid solution. The intensity of 
color in the trichloracetic acid filtrate of the digested substrate is a function 
of the proteolytic activity of the enzyme solution. These findings have 
served as a basis for a colorimetric method for the determination of the 
proteolytic activity of duodenal juice.‘ Sulfanilamide-azocasein, the sub- 
strate used, being soluble only in alkaline solution, could not be used for the 
determination of peptic activity. The present publication reports the 
preparation of an azoalbumin which is soluble in both alkaline and acid solu- 
tion and therefore permits the colorimetric method to be adapted to the 


analysis of gastric as well as duodenal juice. 


EXPERIMENTAL 


Preparation of Sulfanilic Acid-Azoalbumin: Solution A: 50 Gm. of bovine plasma 
albumin* are dissolved in 1 1.H,O. Ten grams NaHCO, suspended in 100 ml. H.O are added 
with stirring. Solution B: 0.025 mole sulfanilic acid is dissolved in 200 ml. H,O containing 
0.025 mole NaOH (5.0 ml. of 5.0N); 0.025 mole NaNO, added. Solution stirred and 0.05 
mole (10.0 ml. of 5.0N) HCl added. Solution stirred two minutes and 0.05 mole NaOH 
(10.0 ml. 5.0N) added to stirred solution. Solution stirred for five seconds and added at 
once to Solution A with vigorous stirring. 

Material stirred five minutes and dialyzed against cold tap water overnight. The 
dialyzed solution is then lyophilized. The azoalbumin is a red-orange compound with an 
absorption maximum at 440 to 450 mw (Fig. 1). The color concentration relationship of 
azoalbumin follows Beer’s law (Fig. 2). This is fortunate in that in the calculation of 
enzyme activity, optical density values may be substituted for substrate concentrations. The 
azoalbumin is soluble in the pH range below 3 and above 5. 

Digestive Juice: The gastric or duodenal juice sample is centrifuged at about 1,500 
r.p.m. for ten minutes and the sample is taken from the relatively homogeneous middle 
layer. Duodenal juice samples are diluted 1:100 with 0.56N ammonium hydroxide-ammonium 
chloride buffer of pH 9.5. Gastric juice samples are diluted 1:20 with 0.2N hydrochloric 
acid-sodium citrate buffer of pH 1.6. 

From the Nutritional Service of the Department of Pediatrics and the Gastrointestinal 


Section of the Medical Clinic of the University of Pennsylvania Medical School and the 
Wyeth Institute of Applied Biochemistry. 

Presented at the Miniature Meeting of the Philadelphia Section of the American 
Chemical Society, Jan. 22, 1948. 

Received for publication, Dec. 1, 1948. 


*The preparation used was bovine plasma albumin, Fraction V, Armour Company, Chicago, 
Tll. Other albumins may be used. 
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AZOALBUMIN AS A SUBSTRATE 


Sulfanilic Acid - Azoalbumin 
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1.—Absorption curve of sulfanilic acid-azoalbumin (0.12 mg. per milliliter). 
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Fig. 2.—Color concentration relationship of azoalbumin. 


Substrate Solution: The azoalbumin is dissolved in the buffer appropriate to the de- 
termination at a concentration of 25 mg. per milliliter. 

Procedure: The details of the assay procedure have been reported in an earlier publica- 
tion.1 Each determination is set up in duplicate. One milliliter of substrate solution is 
pipetted into a test tube; 1 ml. of the diluted enzyme sample is added and the mixture di- 
gested for thirty minutes at 38° C. The digestion is stopped and undigested substrate re- 
moved from solution by the addition of 8 ml. of 5 per cent trichloracetic acid. 
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Duodenal Juice 1-100 
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Fig. 3.—Relationship of proteolytic activity of duodenal juice to time of digestion. 


03 Gastric Juice 1-20 
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Fig. 4.—Relationship of proteolytic activity of gastric juice to time of digestion. 


The contents of each tube are filtered through paper. To a 5 ml. aliquot of 
the filtrate are added 5 ml. of approximately 0.5N NaOH and color intensity is 
read on a photoelectric colorimeter (440 mux). A substrate blank is prepared by adding 
1 ml. of buffer to 1 ml. of substrate solution and treating the tube in the same man- 
ner as the samples. No blank need be run for the enzyme solution since the final dilution in 
the case of duodenal juice is 1:2,000, and 1:400 for gastric juice. 


The activity of the juice is expressed in terms of the velocity constant of the enzymatic 


‘ 


reaction, K = 


respectively after t minutes of digestion. 








AZOALBUMIN AS A SUBSTRATE 431 


Since the color concentration relationship of azoalbumin and its digestion products 
obeys Beer’s law, optical density values may be substituted for C values. The initial con- 
centration, C,, is determined by adding 5 ml. of 0.5N NaOH to a 5 ml. aliquot of a 1:200 
dilution of the substrate solution and then reading the color of the final solution. This optical 
density value is multiplied by twenty to yield the C, value, since the undigested sample is 
diluted twenty times more than the filtrate samples. The C, value is determined by subtracting 
the optical density of the trichloracetic acid filtrate from the C, value. This is permissible 
since a solution of azoalbumin which is completely digested (no trichloracetic acid precipi- 
tate) has the same color intensity as an undigested sample. 


The velocity constant is calculated for the diluted solution and multiplied by the dilution 
factor to obtain the reaction constant for the undiluted juice. 
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Fig. 5.—Relationship of proteolytic activity to the enzyme concentration of duodenal juice. 


Relationship of Proteolytic Activity With Time of Digestion —The velocity 
constant may be used in expressing enzyme activity only if the digestion rate 
of azoalbumin fulfills the requirements for a monomolecular reaction, i.e., log 
C, 
strate for varying periods of time with a dilution of the digestive juice, the 
time-activity relationships for duodenal juice, Fig. 3, and for gastrie juice, 
Fig. 4, were obtained. The rectilinearity of the relationship for each of the 
juices is in accordance with monomolecular reactions. 


should be directly proportional to time. By digesting samples of the sub- 


Relationship of Enzyme Concentration and Activity—The velocity con- 
stant of an enzyme reaction is a function of enzyme concentration. The rela- 


tionship between enzyme activity, log oe and enzyme concentration proved 


to be rectilinear in the digestion of azoalbumin with duodenal juice, and with 
gastric juice, Figs. 5 and 6. A similar relationship was demonstrated with a 
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commercial trypsin concentrate.* This direct proportionality of enzyme ac- 
tivity with the dilution is fortunate in that it permits recalculation to original 
juice or enzyme solution activity merely by multiplying the velocity constant 
by the dilution factor. A similar study with an aqueous extract of papaye 
powder fortified with cysteine did not give a rectilinear relationship except 


Gastric Juice 








2.5 5.0 725 10.0 
PERCENT JUICE DILUTION 


Fig. 6.—Relationship of proteolytic activity to the enzyme concentration of gastric juice. 


in regions of extreme dilution. This noneonformity may result from the 
presence in the crude preparation of inhibitors which are effective at the 
higher concentration, or perhaps the mode of attack by papain on the azo- 
protein differs from that of the enzymes of gastric and duodenal juice. 


DISCUSSION 


The selection of albumin for the preparation of the azoprotein substrate 
permits the colorimetric method for proteolytic activity to be used for gastric 
as well as duodenal juice. With azoalbumin as the substrate, proteolytic 
activity may be determined for any enzyme that is active in the pH regions 
above 5 and below 3. The colorimetric method has proved readily adaptable 
to the routine testing of clinical samples. It is simple, sensitive, and has shown a 
high degree of reproducibility. The substrate is easily prepared and solutions 
are relatively immune to bacterial contamination. Since the substrate is 
soluble, the method has a definite advantage in that the rate of digestion is not 
influenced by particle size. The color concentration relationship of azo- 
albumin and its digestion products adheres to Beer’s law, thus eliminating the 
necessity for nomographs. The color is stable and chromogenic reagents are 
not required for its development. Although the details of the cleavage of 


*Fisher Scientific Company. 
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azoalbumin have not been studied, the method appears to be a true measure 
of proteolytic activity. The appearance of color in the trichloracetic acid 
filtrate necessitates cleavage of the peptide bond, since the chromophoric 
grouping requires an intact diazotized amino acid or peptide fragment. 
Furthermore, comparative studies have shown that the colorimetric method 
has given results in good agreement with those obtained by the method of 
Riggs and Stadie.? 
SUMMARY 


A colorimetric method for the determination of the proteolytic activity 
of gastric and duodenal juice is described. The digestion of a solution of 
azoalbumin by a dilution of the digestive juice produces colored reaction 
products which are soluble in trichloracetic acid. The color intensity of the 
trichloracetic acid filtrate of the digested substrate solution is a function of 
proteolytic enzyme concentration. 
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A HEMATOLOGIC SLIDE RULE FOR CALCULATING THE 
CORPUSCULAR CONSTANTS 


Witiuiam R. Best, M.D. 
Cuicaco, IL. 


INCE Wintrobe’ first demonstrated a knowledge of the corpuscular con- 
S stants to be of aid in evaluating the anemias, clinicians and technicians have 
struggled with the necessary calculations. The time-honored and most tedious 
approach is through a process of long division, repeating the calculations thrice 
to arrive at mean corpuscular volume, mean corpuscular hemoglobin, and mean 
corpuscular hemoglobin concentration respectively. Those adept with the slide 
rule may shorten this process somewhat. Wintrobe® presents a nomogram by 
R. E. Mason which is easily reproduced, is reasonably accurate, and delineates 
normal ranges for the corpuscular constants. Its disadvantages are those of all 
nomograms, namely, the difficulties of deciphering which scales are used for 
various purposes and of fixing and maintaining a ruler on given points of widely 
separated seales. Whillans*® has devised a cireular slide rule having two scales 
with which the standard corpuscular constants as well as volume, color, and 
saturation indices may be determined. Allowance may be made for hemoglobin 
readings in per cent and for use of potassium oxalate alone as anticoagulant. 
This instrument is very useful but is not as simple nor as complete in sup- 
plementary information as is the one herein described. Recently a pharma- 
ceutical house* has distributed a linear slide rule which will aid in various minor 
hematologic calculations as well as the color index, but it is not concerned with 
the corpuscular constants. 

DESCRIPTION 


The present calculator (ig. 1) is essentially a circular slide rule having 
three revolving, concentric disks graduated with appropriate segments of 
logarithmic seales corresponding to C and CI scales on the standard slide rule. 
These, together with a transparent indicator, pivot about a central rivet. The 
method of manipulation is simple and is clearly explained on the rule itself. 
Ranges of adult normal persons for red count, hemoglobin, hematocrit, and the 
three corpuscular constants are indicated according to the values of Wintrobe.° 
Approximately 85 per cent of normal persons should fall within these ranges. 
A seale for conversion of per cent to grams as well as scales for volume, color, 
and saturation indices corresponding to respective corpuscular constants is in- 
eluded. The latter are based on values of 5.0 million for erythrocytic count, 
43.2 per cent for hematocrit, and 14.5 grams for hemoglobin.° Approximate 


From the Department of Internal Medicine, University of Illinois, Research and Educa- 
tional Hospital. 

Aided by a grant from The Hematology Research Foundation. 

Received for publication, Nov. 19, 1948. 

*Hematorule (trade mark), 1948, The Upjohn Company, Kalamazoo, Mich. 
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HEMATOLOGIC SLIDE RULE 
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fl 5 
| iis & eh 


MEAN CORPUSCULAR 
HEMOGLOBIN 
CONGENTRATION 
(PERCENT) 


INSTRUCTIONS: SET TRANSPARENT INDICATOR TO RBC AND ALIGN 
CT. &@ HGB. VALUES WITH HAIR LINE. MCV, MCH, & MCHC AS WELL 

CORRESPONDING BLOOD INDICES ARE. READ DIRECTLY UNDER = 
ANGULAR POINTERS. HG. VALUES IN % MAY BE ALIGNED WITH VALUE 
ON INDICATOR CORRESPONDING TO 100% FOR HEMOGLOBINOMETER USED. 
SHADED AREAS INDICATE NORMAL VALUES, RANGE OF EXPECTED 
ERROR SHOWN BY EXTENSIONS TO TRANSPARENT INDICATOR AND TRI- 
ANGULAR POINTERS. 














Fig. 1.—The Calculator: Above, Body of calculator with two rotating disks. Below, Trans- 
parent indicator to pivot also about center of calculator. 


range of expected error for primary and secondary determinations are also in- 
dicated. The formulas from which these probable variations are derived are 
actually too complicated to be depicted accurately as simply as is done here. 
On this rule, values for red counts form an arbitrary compromise between the 
estimate of Wintrobe® and the formula of Berkson and co-workers! (Table I). 
Wiehl‘ claims a properly standardized photoelectric hemoglobinometer will give 
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TABLE I. RANGE OF EXPECTED ERROR OF RED COUNT USING ONE PIPETTE AND ONE COUNTING 
CHAMBER, ACCORDING TO VARIOUS ESTIMATES AND CALCULATIONS 








EXPECTED RANGE OF ERROR 
TRUE ERYTHROCYTIC COUNT BERKSON | WINTROBE | PRESENT RULE 


5,000,000 800,000 200,000 400,000 
2,000,000 370,000 200,000 150,000 











an accuracy of + 2.3 per cent. Improperly standardized instruments may vary 
as much as 20 per cent. The error of the eye in matching colors in visual hemo- 
globinometers has been stated to be 10 per cent and is probably greater in many 
eases. A hematocrit after centrifugation at 3,000 r.p.m. for thirty minutes 
should give an accuracy of + 0.5 per cent. In a well-regulated laboratory, Win- 
trobe® states that the corpuscular constants should not vary more than +:2.5 
cubie microns for M.C.V., + 1.0 micromicrograms for M.C.H., or + 0.8 per cent 
for M.C.H.C. All of these expected ranges of variation have been roughly in- 
dicated on the ealeulator. 
DISCUSSION 

In checking the calculator against values obtained by long division we not 
infrequently have found errors of several points in the long division process. 

Table II illustrates the saving in steps, and hence of time, in determining 
the corpuscular constants by the present method as against the other methods 
reviewed. 


TABLE II. STEPS. REQUIRED IN CALCULATING CORPUSCULAR CONSTANTS ACCORDING TO 
VARIOUS METHODS 








TECHNIQUE NUMBER OF STEPS 





Long division 30 
Slide rule 

Nomogram 

Whillans’ rule 

Present caleulator 





Norris and Vogan? have proposed a chart showing relationship of red 
count, hemoglobin, and hematocrit for use in checking the accuracy of labora- 
tory procedures against each other in routine determinations on patients without 
anemia and on otherwise healthy persons who have suffered acute blood loss or 
hemoconeentration. The calculator herein described may be used for the same 
purpose by setting the triangular pointers for the corpuscular constants to the 
1.0 mark on,the corresponding hematologic indices. Individual determinations 
of the three primary values (red count, hemoglobin, and hematocrit) for a pa- 
tient fitting the foregoing description which are significantly out of alignment 
with the other two primary values may be considered in error. 


SUMMARY 


A new, simplified, circular slide rule for calculation of the corpuscular con- 
stants and related hematologic indices is presented. Ranges of adult normal 
persons as well as expected ranges of variation in determinations are clearly in- 
dicated. A method of using the instrument for checking laboratory procedures 
against each other is outlined. 
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ERRATUM 


In the article by Chang and Hou, ‘‘Cold Hemagglutinin Test by a Slide Method,’’ 
in the November, 1948, issue of the Journal, the fifth line of the Discussion, p. 1449, should 


read ‘‘, .. in Table III cannot be explained by the difference in the method of examin- 
9? 





‘NOTE ON A SUBSTANCE TO SEAL PLETHYSMOGRAPHIC CUPS OF 
THE BURCH-WINSOR TYPE 


C. W. Rosertson, M.D., anp R. H. Smrruwick, M.D. 
Boston, Mass. 


A MINOR problem in the use of a digit plethysmograph in which an airtight 
seal must be obtained between a plastic or glass cup and the digit is the 
choice of a sealing compound. The Bureh-Winsor plethysmograph* is an ex- 
ample of this type of apparatus. There are at the present time approximately 
eighty of these machines in use. Our experience with a new type of sealing com- 
pound therefore is considered worth reporting in the hope that it may help 
others in the use of this type of instrument. 

The sealing compound furnished with the machine is a mixture of printers’ 
compound and ordinary glue. Various proportions of these two substanees yield 
products with slightly different physical characteristics with regard to melting 
points, rubberiness, ete. All combinations, however, have the disadvantages of 
(1) being water soluble, (2) requiring their use in a heated state, (3) being very 
tacky and difficult to manage if not applied immediately after transfer from the 
heating bath. Being water soluble makes the compound unstable when the digit 
is perspiring, with dilution of the compound at the skin surface and consequent 
instability of the cups or even loss of seal. The last two disadvantages are of 
particular importance in dealing with digits which are surviving on impaired or 
collateral circulation entirely. In such patients use of a melted sealing com- 
pound introduces the likelihood of producing a burn in tissues that are of border- 
line viability. 

In attempting to find a substitute, several of the commercially available 
cements—rubber glues, liquid adhesives—were tried. The compound which was 
found to be most useful was a substance located at Sears Roebuck and Company 
salled Kalk-Kord.+ This was originally designed for a number of things inelud- 
ing repair of windows, bathrooms, sealing boats, ete. The compound was tried 
and is at the present time being used as follows in our laboratory. The digit is 
measured by placing it into a gentian solution until it has displaced 5 e.c. of solu- 
tion. A ring of the compound is then placed around the finger at the top of the 
stain and the cup then placed over the digit to the level of the stain. A seal is 
obtained by working the compound around the cup with the fingers. Runs of 
the same digit using the commercial printers’ compound-glue jelly and the 
Kalk-Kord at different times have shown no significant change in the pulse 
amplitude, so that we feel the Kalk-Kord does not cause significant venous oc- 
clusion and consequent change in digit volume. This substance has shown no 
tendency to change consistency at the range of temperatures which we employ 
in our surface temperature laboratory, i.e., 65° to 85° I*., and it seems to be quite 


insoluble in water. 


From the Department of Surgery, Boston University School of Medicine. 
Received for publication, Jan. 14, 1949. 
*Made by the Cambridge Instrument Company, New York, N. Y. 
a by the Presstite Engineering Company, 3900 Chouteau Avenue, St. Louis 
Oo. 
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RESPONSE OF LINGUAL MANIFESTATIONS OF PERNICIOUS 
ANEMIA TO PTEROYLGLUTAMIC ACID AND VITAMIN B,. 


JAMES F’, ScutEve, M.D., AnD R. W. RuNDLEs, M.D. i 
Duruam, N. C. ‘f 


LTHOUGH the therapeutic effectiveness of synthetic pteroylglutamic 

acid in the majority of patients with pernicious anemia has been sat- 
isfactory, short-comings have been observed. At the beginning of therapy, 
reticulocytosis although prompt is often suboptimal. The rise in red 
cell count is usually slower than with liver extract. Macrocytosis may 
persist for months, and during maintenance therapy the blood values may 
even decline.* 1% 11 12, 13, 17, 21,30 While some patients with the neurologic 
manifestations of pernicious anemia may show improvement early in the 
course of pteroylglutamic acid therapy,” © * ° the failure of this compound in 
doses of 2.5 to 20 mg. per day to protect patients against neurologic relapse 
has been of great concern.” 11, 13, 14, 17, 21, 24, 27, 28, 30, 31 

The effect of pteroylglutamic acid on the third important clinical mani- q 
festation of pernicious anemia, that of atrophy and inflammation of the lin- 
gual mucosa, has received less study, but in some eases at least it appears to 
be unsatisfactory.1» 74 2% 28 The purpose of this paper is to report additional 
patients with the lingual manifestations of pernicious anemia who were 
treated with pteroylglutamiec acid. In some the response was good, in others 4 
poor. Two developed severe lingual relapses while taking 30 to 50 mg. per 
day of the compound. The lingual abnormalities in the latter cases responded 
to injections of vitamin B,.”° ‘as promptly as did the lingual manifestations in 
patients with pernicious anemia who had had no previous treatment. 

Each of the following patients exhibited one or more of the clinical man- 
ifestations of pernicious anemia. All of them had histamine refractory gas- 
trie achlorhydria. Other complicating diseases were not present. Details : 
of the neurologic disease in some eases will be reported later. 

The following patient was one of two in whom pteroylglutamie acid 
therapy produced a rapid restoration of normal lingual mucosa. The tongue 
remained normal and there was neurologic improvement in spite of an in- 
complete hematologic remission. 


























W. P., 68799. This 55-year-old mulatto, admitted to Duke Hospital on Aug. 15, 1946, 
first developed the lingual and anemic manifestations of pernicious anemia in 1936. He re- 
sponded well to injections.of liver extract but, being indifferent about maintenance therapy, 
suffered at least three relapses, one with considerable neurologic damage. For at least six 











From the Department of Medicine, Duke University School of Medicine, and the Hema- 
tology Laboratory, Duke Hospital. 

The pteroylglutamic acid, Folvite, was kindly supplied by Dr. Stanton M. Hardy of 
Lederle Laboratories. 

The vitamin Biz was supplied through the courtesy of Dr. Augustus Gibson, Merck & 
Co., Inc. 
This work was supported by a grant from the Anna A, Hanes Fund. 
Received for publication, Nov. 30, 1948. 













THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE, APRIL, 1949, Vou. 34, No. 4 
439 





440 SCHIEVE AND RUNDLES 


months before his hospital admission he had again had no antianemic therapy. For 
three months his legs had been too weak to permit him to work. Numbness and tingling 
had developed about his feet and his gait had been drunken. His tongue had not felt 
sore. 

On admission the tongue was reddish-pink in color and not coated. The filiform 
papillae were so short as to be scarcely visible. Neurologic examination showed evidence 
of peripheral nerve and posterior column disease. The red cell count was 2,620,000; hemo- 
globin, 10.5 grams; hematocrit, 32.6 per cent; and the average cell volume, 124 cubic micra. 


Fig. 1—A, Photograph of a red, smooth tongue in a patient with previously untreated 
pernicious anemia. B, Photograph of same tongue seven days later showing regeneration of 
normal lingual papillae with administration of 100 mg. pteroylglutamic acid daily. 


Pteroylglutamic acid was given in a dose of 75 mg. daily by mouth. After six days 
of therapy, the tongue had become pale pink in color and faintly coated. Filiform papillae 
had grown to nearly normal height. The pteroylglutamic acid was maintained during 
the next five months, at first 30 mg. per day and then 15 milligrams. The neurologic 
symptoms of recent onset subsided and the patient returned to work. The appearance of 
his tongue remained normal. The red blood count did not rise to over 3,560,000, however, and 
macrocytosis persisted. Because of the persistent macrocytosis, liver extract was recom- 


mended as permanent maintenance therapy. 


The following patient was one of four with pernicious anemia in whom 
pteroylglutamie acid failed to produce an adequate lingual response. Liver 
extract was more effective finally in correcting the lingual and other mani- 
festations of the disease. 

E. W., B-87399. This 68-year-old white woman, admitted to Duke Hospital on Aug. 28, 
1946, had enjoyed good general health with the exception of a mild convulsive disorder of six 
years’ duration. Three or four years before her hospital admission her tongue became 
intermittently red and sore. Numbness and tingling developed in her hands and feet. These 
symptoms led to the diagnosis of pellagra, although she was a hearty eater, her selection 
of food was reasonably good, and no other member of her family had symptoms of nutritional 
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deficiency. Dietary treatment was attempted without notable success. Six months before 
admission she became markedly forgetful. At that time her tongue again became red and 
sore. Numbness and tingling in her extremities became worse. ‘Two months before admis- 
sion, confusion, weakness, and gross unsteadiness in walking became severe enough to confine 
her to bed. 

Examination showed a confused, poorly oriented, inattentive woman barely able to 
move her legs in bed and just able to sit up alone. The tongue was beefy red and entirely 
smooth except along the margins where remnants of filiform papillae were just visible. Neu- 
rologic examination showed evidence of severe peripheral neuropathy, posterior and lateral 
column disease. The hemoglobin was 13.8 grams per 100 ¢.c.; R.B.C., 4,020,000; W.B.C., 
19,000; hematocrit, 40.8 per cent; and average cell volume, 101 cubic micra. 

Pteroylglutamic acid was given by mouth for four weeks in a daily dose of 100 milli- 
grams. After seven days the color of the tongue was nearly normal and regenerating filiform 
papillae were easily visible. During the second week the patient became stronger and clearer 
mentally but then she appeared to get worse. The filiform papillae which had remained 
stubby became shorter and the-color of the tongue became a deeper red. The red cell count 
fell to 3,630,000 and the hematocrit to 38.0 per cent. There was no change in her condition 
after five days of vitamin B therapy, 30 mg. of thiamin, 1.5 Gm. para-aminobenzoic acid, 
10 mg. riboflavin, 300 mg. niacin, 50 mg. calcium pantothenate, and 5 mg. pyridoxine being 
given daily. It was then considered advisable to begin intensive liver extract therapy. There 
was little apparent improvement during the first month except for regrowth of lingual papillae 
and rise in blood values. After two months of liver therapy the patient’s strength and motor 
ability began to improve steadily. The hematologic values and the appearance of the tongue 
became normal and remained so. At the end of twelve months of liver therapy she was able 
to do all ordinary activities at home with little motor handicap. Her mental condition im- 
proved until she was about as well as before her illness. Neurologic examination continued 
to show the expected residuals of posterior and lateral column disease.?2 


The following two patients treated with pteroylglutamic acid developed 
distinct lingual relapses during the third month of therapy in spite of satis- 
factory hematologic and neurologic responses. 


V. D., C-33368. This 30-year-old, married, postal clerk was admitted to Duke Hospital 
on April 26, 1948. Five years previously she had developed a ‘‘red and slick’’ tongue that 
despite vitamin B therapy became sore from time to time. She became chronically weak 
and nervous and worried intensely about minor incidents. She was afraid of ‘‘losing her 
mind.’’ Nine weeks before admission to the hospital her tongue became particularly sore. 
A few days later she found it difficult to control the movements of her feet. Her legs began 
to feel stiff and tight. Her memory deteriorated and she became confused. For several 
days before her hospital admission, she was confined to bed by extreme weakness. 

. Examination showed a confused and apprehensive young woman. She made many mis- 
takes in doing mental arithmetic. The tongue was scarlet in color, had no coat, and in 
the middorsum there were no visible papillae. She was unable to get out of bed without as- 
sistance and could not walk without suppport from both sides. The tendon reflexes in upper 
and lower extremities were hyperactive. The cutaneous senses were severely blunted below 
the knees. There was but little ataxia with the heel to shin test. The vibratory sense was 
absent below the costal margins. The plantar responses were flexor. There was sustained 
ankle clonus more pronounced on the left side. 

The hemoglobin was 12.0 grams per 100 ¢.c.; R.B.C. 3,300,000; W.B.C., 8,750; hemato- 
crit, 34 per cent; and the average cell volume, 101 cubic micra, Examination of the bone 
marrow showed early evidence of megaloblastic cell development. 

Experimental therapy with pterylglutamic acid was started under close observation. 
During the first month the patient was given 100 mg. of the acid daily by mouth and for the 
next two months 50 mg. daily. The red cell count rose to 4,100,000 during the first month 
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of therapy, the hematocrit to 42 per cent. After nine weeks the blood values and cell indices 
‘were entirely normal and remained so. During the first three months of treatment, her 
strength and ability to walk improved until she could do all of her housework without diffi- 
culty. Neurologic examination showed improved motor ability, less cutaneous sensory de- 
fect, and less pronounced ankle clonus. She gained eleven pounds in weight. 





D., C-33368. Beefy red, smooth tongue occurring as a relapse during the 
third month of pteroylglutamic acid therapy. B, Repeat photograph showing normal lingual 
mucosa twenty days after the injection of 0.050 mg. of vitamin Bui. 

C, M. J., 25597. Scarlet red, smooth tongue occurring as a relapse during the third 
month of pteroylglutamic acid therapy. D, Repeat photograph twenty-one days later showing 
normal lingual mucosa after the injection of 0.025 mg. of vitamin Bi. 


The lingual response was never entirely satisfactory. During the first week of pteroyl- 
glutamic therapy, the tongue became more normal in color and in areas of previous atrophy 
filiform papillae reappeared. The papillae remained stubby, however, and an area at the 
tip of her tongue remained persistently red. 
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Early in the third month of pteroylglutamic acid therapy she complained of soreness 
and redness of the tongue lasting two or three days. Two weeks later these symptoms be- 
came persistent and she felt generally worse. Examination showed a beefy red tongue with- 
out coat, completely devoid of papillae except in one small patch near the tip (Fig. 2, 4). 
There was no evidence of neurologic relapse and the blood values remained normal. The 
pteroylglutamic acid therapy was discontinued and 0.050 mg. of vitamin B,, was given intra- 
muscularly. The redness and soreness of the tongue subsided within a week. On a check- 
up examination twenty days after the injection the tongue was pink in color, lightly coated, 
and covered with filiform papillae of normal height (Fig. 2, B). The neurologic status showed 
no objective changes. | 


M. J., 25597. This 58-year-old farmer’s widow was admitted to Duke Hospital on 
April 14, 1948. Two years previously she had developed a periodically sore tongue, lost her 
desire to eat, and had begun to lose weight. Her hands and feet became numb. She was con- 
fined to bed for several weeks by extreme weakness, but improved after injections were given 
by her family physician. Some months later she began to have progressive difficulty in 
walking, with gross unsteadiness. Two months before her hospital admission, she became 
rapidly worse and was confined to bed, unable to stand or walk. Her family physician 
gave her oral medications and injections for pellagra without benefit. 

On examination the patient was a thin, weak, apathetic woman appearing chronically 
ill. The tongue was pale and completely devoid of papillae. She was able to sit up in bed 
without assistance but was too weak to get out of bed, stand, or walk. The superficial sensa- 
tions were impaired below the elbows and knees. The sense of motion and position was poor 
in the lower extremities. The vibratory sense was impaired over the lower ribs and absent 
at the pelvis and below. The plantar reflexes were extensor. 

On admission to the hospital the hemoglobin was 6.8 grams per 100 c.c.; R.B.C., 
1,750,000; W.B.C., 2,360; hematocrit, 19.5 per cent; average cell volume, 112 cubic micra; 
and reticulocytes, 5.0 per cent. During the first ten days in the hospital an incomplete, ap- 
parently spontaneous remission in the anemia occurred. There was no improvement, however, 
in the appearance of the tongue. After ten days of observation, the administration of pteroyl- 
glutamic acid was begun in a dose of 50 mg. per day by mouth. A secondary reticulocytosis 
occurred. One week after the start of pteroylglutamic acid therapy, beginning regeneration 
of lingual papillae was evident. After eighteen days of therapy the papillae were of normal 
height. By this time the patient had gained strength and was able to sit up three to four 
hours a day as well as walk about the ward holding to furniture. After four weeks of anti- 
anemic therapy the blood values were entirely normal. After six weeks the dose of pteroyl- 
glutamic acid was reduced to 30 mg. daily and she returned home. 

General improvement continued. On a check-up examination two months after the be- 
ginning of pteroylglutamic acid therapy, however, the tongue was observed to be reddened 
at the tip. The papillae remained tall. Five weeks later she complained of a sore, ‘‘scalded’’ 
tongue. Examination showed it to be scarlet red in color and entirely smooth (Fig. 2, C). 
Her dietary habits were reinvestigated and it appeared that her food had been well selected 
and above average in nutritional adequacy. The blood values remained normal and 
neurologic examination showed continued improvement, certainly no relapse. 

At this time the pteroylglutamic acid administration was stopped and 0.025 mg. of 
vitamin B, was injected intramuscularly. The lingual soreness promptly subsided, and after 
one week the color of the tongue was grayish-pink and the dorsum was covered with a uni- 
form crop of budding filiform papillae (Fig. 2, D). She believed that her strength and 
motor ability had improved. 


The following patient was one of five showing the lingual manifesta- 
tions of untreated pernicious anemia in whom the injection of vitamin B,,?° 
in a dose of 0.001 mg. daily to 0.010 mg. in a single dose led to regeneration of 
lingual papillae in 5-7 days. 
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W. S., C-6035. This 66-year-old white man was admitted to Duke Hospital on Aug. 24, 
1948. For over three years he had had periodic redness and soreness of the tongue attributed 
by physicians to his habit of chewing ‘‘home-cured’’ tobacco. Five weeks before admission, 
his hands and arms became numb, weak, and clumsy so that he had to quit work and could 
scarcely dress himself or write. 





Fig. 3.—A, W. S., C-6035. Dusky red tongue lacking papillae in a patient with untreated 
pernicious anemia. B, Repeat photograph five days after the injection of 0.010 mg. of vitamin 
Bir showing regeneration of papillae. 


On examination the tongue was deeply furrowed, completely lacking in coat, dusky red 
in color, and completely devoid of papillae (Fig. 3, 4). His grip was extremely weak. 
Tendon reflexes in the upper extremities were absent. The superficial sensations were blunted 
about the hands and forearms and the vibratory sense was impaired below the wrists and at 
the ankles, The hemoglobin was 12.8 grams per 100 c.c.; R.B.C., 3,400,000; W.B.C., 6,800; 
hematocrit, 35 per cent; and average cell volume, 103 cubic micra. Examination of the 
bone marrow showed early megaloblastic development. 


He was given 0.010 mg. of vitamin B,, intramuscularly. Five days later the tongue 


was normal in color and its dorsum was covered with medium tall filiform papillae (Fig. 3, 


B) in spite of his continuing to chew tobacco. 


DISCUSSION 


Periodic atrophy and inflammation of the lingual mucosa, so vividly de- 
scribed nearly fifty years ago by Hunter’ as often the first symptom of 
pernicious anemia, has become a well-recognized clinical manifestation of the 
disease. Significant abnormalities of the lingual mucosa are seen, with or with- 
out hematologic or neurologic manifestations, in about one-third of present-day 
patients with pernicious anemia in relapse. Mucosal changes of similar appear- 
ance may result, of course, from the lack of common vitamin B components in 
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the diet,’® from iron deficiency,® in association with serious hepatic disease or 
abdominal neoplasms, from use of oral penicillin,* 7° ete. 


Among the benefits of a diet rich in liver in the treatment of pernicious 
anemia, Minot and Murphy'® observed a gradual return of normal lingual 
mucosa in a matter of a few weeks or months. With potent liver extract or 
hog stomach therapy a more rapid lingual response occurs. Filiform papillae 
sprout from smooth tongues in five to seven days and attain a normal height in 
two to three weeks. Relapses do not occur with adequate maintenance therapy. 
The lingual abnormalities of pernicious anemia are not affected by nonspecific 
therapy, the administration of the common vitamin B components,” ete. The 
lingual response may serve accordingly as a useful and reliable therapeutic test 
for pernicious anemia in patients who have little or no anemia or in whom the 
cause of lingual or neurologic disease is in doubt. 

In the therapeutic evaluation of pteroylglutamiec acid in pernicious anemia 
most attention has been given to the hematologic and neurologic aspects. A few 
investigators have noted poor lingual responses at the beginning of therapy 
and relapses later during maintenance.’» 1° 2778 The frequency of this oecur- 
rence is uncertain. It appears to be especially common in the patients reported 
who developed neurologic relapses. In our six patients whose lingual responses 
were poor or who later relapsed, the blood levels remained below normal and 
neurologic disease progressed in one, and the red cell count fell significantly in 
another. Had the pteroylglutamie acid therapy been continued longer in these 
patients, a higher incidence of hematologic and neurologic failures might well 
have been observed. 

The regeneration of lingual mucosa following the injection of vitamin 
B,. after relapse has occurred during pteroylglutamie acid therapy shows 
that the former substance has a nutritional value lacking in the latter. The 
promptness of the response, equal to that observed in patients with untreated 
pernicious anemia, suggests that the pteroylglutamie acid failed to correct an 
existing deficiency rather than having exerted a positively harmful effect.” 1 *1 
The effect of vitamin B,, in correcting this type of lingual relapse appears to be 
equal to that expected from liver extract, as preliminary reports indicate it to 
be in other respects.' 7% 25) 26, 29 

Whether or not the different manifestations of pernicious anemia—arrest 
in hemopoiesis, atrophy and inflammation of the lingual mucosa, and disease 
of the peripheral and central nervous system—represent one or more closely 
related nutritional deficiencies has been a perennial question.» ? 71 Each of 
these manifestations is dissociated from the others and may occur singly or in 
combination as the disease first appears or relapses. Potent liver extracts, how- 
ever refined or fractionated, and hog stomach preparations affect all aspects 
of pernicious anemia in parallel. The impression has arisen that pteroyl- 
glutamic acid corrects one portion of the basic deficiency, having an entirely 
satisfactory hematologic effect but being entirely ineffective regarding the 
neurologic manifestations.’* 21 2 °° The incomplete hematologic remissions, 
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the lingual relapses, and the occasional favorable neurologic results of pteroyl- 
glutamic therapy indicate that on the contrary the compound has an irregular 
effect on all manifestations of the disease rather than failing consistently in 
any one. The cause for individual variability in therapeutic response remains 
to be determined. 

CONCLUSIONS 


1. The lingual manifestations of pernicious anemia in relapse may respond 
well or poorly to synthetic pteroylglutamie acid. 

2. Two patients taking 30 and 50 mg. of pteroylglutamic acid daily 
developed in the third month of therapy acutely sore tongues with mucosal 
atrophy. The lingual abnormalities disappeared within five to seven days 
after the injection of vitamin By». 

3. The lingual mucosal atrophy of five patients with untreated pernicious 
anemia responded in five to seven days to injections of vitamin By». 

4. The therapeutic limitations of pteroylglutamie acid in pernicious 
anemia relate to all manifestations of the disease—anemic, neurologic, and 
lingual—rather than to merely the neurologic. 
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CAPILLARY FRAGILITY STUDIES (GOTHLIN TEST) ON ONE 
HUNDRED PATIENTS RECEIVING DICUMAROL 


RicHArD A. JUBELIRER, M.D., AND HELEN I. GLUECK, M.D. 
CINCINNATI, OHIO 


HILE following the clinical course of a number of patients receiving 

Dicumarol therapy, hemorrhage occasionally has been found to occur 
without premonitory signs when the prothrombin concentration did not reach 
excessively low levels. Likewise it was frequently observed that the prothrombin 
concentration fell far below the so-called hemorrhagic levels: without the de- 
velopment of hemorrhage. It was decided, therefore, to study a large group 
of patients receiving Dicumarol for varying intervals of time in order to as- 
certain if any correlation existed between the occurrence of hemorrhage and 
increased capillary fragility. 

METHOD 


The modified Goéthlin test! ? was selected because of the ease of its per- 
formance, and because it has been used increasingly in many studies during the 
last few years in this country. Because the test has been subject to various 
modifications since Gothlin’s original work, the method used in the present 
studies will be briefly outlined. 

(1) Two areas, 6 cm. in diameter, were marked off in each antecubital area, 
noting blemishes and marks which might later be confused with petechiae. 
(2) A standard blood pressure cuff was applied on each arm for fifteen minutes 
and maintained at 35 mm. of pressure. The cuff was then released and all pe- 
techiae in each area were noted, using a good light and a magnifying lens of 5 
diopters. (3) The second stage was then repeated one hour after the first, using 
the same procedure as previously described but maintaining the pressure at 50 
mm. for fifteen minutes. (4) The petechial index was calculated as follows: 
To the number of petechiae in both arms occurring at 35 mm. multiplied by 2 
were added the additional number of new petechiae occurring at 50 millimeters. 
The final index represented the sum of these two figures. Eight or less was con- 
sidered normal, 9 to 12 borderline, and 12 or over increased. 

Since repetition of the test before three weeks may produce false positive 
readings,' most patients were tested about the third week after the onset of their 
illness when they had received a fairly large quantity of Dicumarol. 


TABLE I. SUMMARY OF DATA ON NINETY-FOUR PATIENTS RECEIVING 








DIAGNOSES 





| RHEU- AVERAGE AVERAGE 
MATIC NUMBER TOTAL 
AVERAGE | CORONARY | THROMBO- HEART SURGICAL | OF DAYS ON | DICUMAROL 

















F AGE OCCLUSION PHLEBITIS DISEASE PROCEDURE | DICUMAROL DOSAGE 
22 56 75 15 | 3 FI 20 1,592 mg. 
*See Table III. 
tSee Table IV. 








From the Department of Internal Medicine, The Jewish Hospital. 
Received for publication, Dec. 22, 1948. 
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Quick’s method of determining the prothrombin time was used throughout 
the study. In this hospital the prothrombin level is always reported not only 
as prothrombin time in seconds, but also as per cent of normal concentration. 
In our laboratory 12 to 14 seconds is the usual range of 100 per cent undiluted 
plasma, 16 to 19 seconds represents 50 per cent plasma, 22 to 26 seconds, 25 
per cent plasma, and 40 to 47 seconds, 10 per cent plasma concentrations. 


RESULTS 


The data on ninety-four consecutive patients receiving Dicumarol are sum- 
marized in Table I. Of these, seventy-five were being treated for acute myo- 
cardial infarction, fifteen for thrombophlebitis, three for rheumatic heart disease 
with embolic complications, and one for a surgical procedure. 


45- 


DISTRIBUTION OF GOTHLIN COUNTS ON 100 PATIENTS 
RECEIVING DICUMAROL 
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GOTHLIN INDEX 
Fig. 1. 


DICUMAROL FOR SHORT INTERVALS STUDIED BY THE GOTHLIN TEST 








BLOOD PRESSURE 





NUMBER OF NUMBER OF 
AVERAGE NUMBER OF PATIENTS WITH PATIENTS WITH 
PROTHROMBIN NORMO- HYPER- PATIENTS WITH HEMORRHAGIC POSITIVE GOTHLIN 
CONC. DAY OF TEST TENSIVE TENSIVE DIABETES MANIFESTATIONS* INDICES t 


27% 65 29 5 7 (i 




















450 JUBELIRER AND GLUECK 


A second group of patients who had been on continuous Dicumarol therapy 
for long intervals varying from three to nineteen months is presented in Table II. 
This group is of particular interest in determining if Dicumarol has any cumula- 
tive effect in increasing capillary fragility. 

Fig. 1 presents in graphic form the data regarding the Goéthlin index on 
one hundred patients receiving Dicumarol. It should be noted that in only 
seven cases was the Gothlin index considered positive, whereas in twelve cases 
the results were considered borderline. In the remaining eighty-one cases the 
test did not detect any tendency to increased capillary fragility. 

Hemorrhage has been observed in seven instances, six times in the patients 
receiving Dicumarol for short periods and once in a patient on continuous 
Dicumarol for a long interval. These data are tabulated in Table III. In none 
of these seven cases was the Gothlin index considered to be positive. 

Patient 3, Table III, is particularly interesting since gross eechymoses were 
observed about his ankle following minor trauma after he had been on Dicumarol 
for a total of two months. During this time he received 2,800 mg. of the drug. 
On the day the eechymoses occurred, the prothrombin time was 10 per cent of 
normal concentration (Quick’s method). The Géthlin index was 2. The Di- 
cumarol was continued, and when rechecked six months later after a total dose 
of 18,300 mg. of Dicumarol the Géthlin index was still negative. 

In seven patients on whom the Géthlin test was clearly positive, no evidence 
of hemorrhage was observed and therapy was continued if the clinical condition 
required it. The data on this group of patients are presented in Table IV. 

Twelve additional cases fell in the borderline group, but the findings in 
this group are not considered highly significant of increased capillary fragility, 
and hemorrhage was never observed in any one of this group. 

These observations, particularly in group one, confirm the earlier observa- 
tions of Wright and Prandoni,* who, using the Wright-Lilienfeld method,‘ ob- 
served eight cases of gross hemorrhage, in no instance of which was capillary 
fragility found to be increased. Moreover, in seven patients who demonstrated 
increased capillary fragility prior to Dicumarol therapy, only two of the seven 
subsequently developed hemorrhagic manifestations, but showed no further in- 
crease in capillary fragility. Cahan® reported a negative capillary fragility 
test using a blood pressure cuff maintained halfway between systolic and dias- 
tolic pressure for five minutes in a patient in whom gross hemorrhage was evi- 
dent. Draper® observed twenty to twenty-five petechiae with a cuff applied 
halfway between systolic and diastolic pressure in a patient who had received 
an unknown quantity of Dicumarol: However, the patient’s prothrombin con- 
centration was less than 1 per cent of normal when the test was made. Bauer- 
lein’ reported a positive test in a patient with gross hematuria given 1,300 mg. 
of Dieumarol, but the level of prothrombin was not obtained when the tourniquet 
test was positive. 

DISCUSSION 


Before any final conclusions can be reached, a brief discussion is in order 
of the various tests for detection of capillary fragility, as well as the occurrence 
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of hemorrhage with Dicumarol, and finally some of the pathologic findings which 
have been observed with large doses of Dicumarol. 


Little data exist comparing the various methods of detection of increased 
capillary fragility. Bell, Munro, Lazarus, and Scarborough® compared the 
positive pressure Gothlin test method with a negative pressure method in a group 
of 142 normal students. They found that each test was consistent in itself, but 
that no correlation existed when positive pressure methods were compared with 
negative pressure methods. They could not conelude which test was the most 
satisfactory for detecting increased capillary fragility. In a later paper,® 
while studying the effects of vitamin P and C, they gave a very complete and 
careful analysis of all the methods. of studying increased capillary fragility. 
They observed that even in patients with frank scurvy, the capillary fragility 
test was negative in about one-third of their cases with the Gothlin test, and an 
even smaller percentage of positive reactions was found with the negative suction 
method. Greene’® reported that 9.2 per cent of well-nourished children re- 
ceiving supplementary vitamin C in their diets still showed a positive Gothlin 
test, whereas only 12.5 per cent of malnourished children with a low vitamin C 
intake gave a positive test. He concluded that the test was not specific for the 
diagnosis of scurvy. Beaser and co-workers" noted that with negative pressure 
methods contiguous areas in the same arm showed marked fluctuation in the 
number of petechiae from site to site. Moreover, many patients had fewer 
petechiae at highér negative pressures than at lower pressures. They therefore 
selected the Wright-Lilienfeld* positive pressure method for studying these 
eases. Both diabetic and hypertensive patients showed an increased tendency 
to capillary fragility, the highest incidence (100 per cent) occurring when both 
diseases were present. A considerable portion of the control group gave a posi- 
tive index. Increasing age seemed to play some role in the results. Griffith 
and Lindauer’ noted an increased incidence of apoplexy and retinal hemorrhage 
in 265 hypertensive patients studied with the Gothlin test. In a larger series 
of 1,200 hypertensive subjects subsequently reported,’ it was found that 20 
per cent showed increased capillary fragility. This tendency seemed to be modi- 
fied by the use of rutin. 

Schweppe and co-workers't have compared three methods of measuring 
increased capillary fragility. The suction or negative pressure test, the Gothlin 
test, and a euff test with the manometer raised rapidly to 300 mm. of mereury. 
Of forty-four hypertensive patients examined, 16 per cent showed a tendency 
to inereased capillary fragility when measured by the Gothlin test and the nega- 
tive pressure test, while at the same time 25 per cent showed a positive cuff test. 
Thirteen per cent of thiocyanate-treated patients showed marked increased 
fragility. However, as the cardiac status of the patients improved, the test often 
became negative even though the drug was continued. Twenty per cent. of the 
control group showed some abnormality. They emphasized that no general 
conclusions regarding the entire capillary bed could be deducted from the re- 
action of the cutaneous capillaries. Patients with advanced nephritis, vascular 
bleeding, retinitis, and eechymoses were often encountered without the develop- 
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ment of a positive Gothlin test. In contrast to the findings of Schweppe,™ 
Shanno* and Griffith’? have emphasized that thiocyanate therapy may predispose 
to the development of petechiae. 

Wolffe and Danish’*® reported two cases of subeconjunctival hemorrhage in 
which the Goéthlin test was normal. Taylor and Page,’ while studying the 
clinical effects of rutin, using the Rumpel-Leede test, noted marked variations 
from month to month in their control group of hypertensive patients. The test 
occasionally was positive in patients without cardiovascular disease. Older, 
acutely ill patients seemed much more susceptible to increased capillary fragility. 
Whereas a significant degree of arteriosclerosis gave a high incidence of positive 
tests, as the general status of the patient improved, particularly with improve- 
ment of congestive failure, the test often became negative. The phase of the 
menstrual cycle also may alter the test.'® 

Rodrijez and Root!® noted a marked increase in positive Gothlin indices 
in patients with diabetic retinitis. This abnormality seemed more related to 
the duration of the diabetes than to the chronological age of the patient. The 
longer the diabetes had persisted,:the more likely was the capillary fragility 
increased. Wagener has made similar observations.?® Finally, Peck and Cop- 
ley?! have discussed in detail physiologic factors which may influence capillary 
fragility and have re-emphasized that most cutaneous tests may not satisfactorily 
explain the true status of the capillary bed in more remote portions of the body. 

The pathologic changes produced by Dicumarol toxicity are still not com- 
pletely understood. Bingham, Meyer, and Pohle®? noted marked capillary 
dilatation in dogs receiving fatal doses of the drug. This capillary dilatation 
was widespread, involving not only capillaries but venules and arterioles. Fre- 
quently gross hemorrhage was noted in the gastrointestinal tract and pleural 
spaces. Interestingly enough, the vascular walls appeared intact, hemorrhage 
occurring by diapedesis of red cells. 

Similar findings of marked engorgement of the capillaries, venules, and 
arterioles were found by Shevlin and Lederer?’ in a patient dying from un- 
controlled hemorrhage after the administration of Dicumarol. Whereas hemor- 
rhage was extremely widespread, no disassociation of the continuity of the 
vessel walls could be observed. They felt that the probable extravasation of 
blood was due to diapedesis of the red blood cells, rather than to rupture of the 
walls of the vessels. 

In considering the patients who were on Dicumarol for long periods of 
time, it is particularly interesting to note Link’s observation that rabbits fed 
spoiled sweet clover repeatedly for seven years, resulting in a marked reduction 
of their prothrombin concentration for at least half of their life span, died of 
old age without apparent effect of the drug. 

Although Barker and associates?> have emphasized that hemorrhage is less 
likely to develop in patients receiving Dicumarol, if the prothrombin concentra- 
tion is not lower than 10 per cent of normal, the literature contains many well- 
documented eases of hemorrhage occurring when the prothrombin concentra- 
tion was above the so-called crucial level.*:?*  Bruzelius?® observed that in 28 
per cent of patients with gross hemorrhage, there was no relationship between 





456 JUBELIRER AND GLUECK 


. the occurrence of hemorrhage and excessively low prothrombin concentration. 
It has likewise been observed by many that the prothrombin concentration of 
the blood often falls to levels of less than 5 per cent of normal without the de- 
velopment of hemorrhage.* 24 Overman and co-workers?’ called attention to 
this in some of their earlier publications stating, ‘‘The fact that hemorrhage does 
not always accompany drastic reductions in prothrombin concentration from a 
single large dose of Dicumarol, suggests that the onset of bleeding must repre- 
sent more than a simple suppression of the normal prothrombin levels.’’ Thoren- 
son®® observed hemorrhage in a patient given large doses of Dicumarol three and 
one-half months after the last dose of the drug. There was no correlation between 
the occurrence of hemorrhage and the level of prothrombin concentration, Boll- 
man and Preston®® noted that some other factor than the depression of pro- 
thrombin seemed necessary for the production of hemorrhage. 

To detect and anticipate hemorrhage in patients receiving Dicumarol, care- 
ful observation of the patient and meticulous laboratory determinations must 
be carried out. Although, as previously emphasized, hemorrhage may occur at 
any level of prothrombin concentration, it is not a serious complication in careful 
hands. Thus, Allen®® reported major hemorrhage in only 1.9 per cent of 1,686 
patients receiving Dicumarol postoperatively. Barker? emphasized that definite 
bleeding is rare if the prothrombin concentration does not fall below 10 per cent 
of normal, and then it occurs in only 4 per cent of cases. 


SUMMARY AND CONCLUSIONS 


1. One hundred patients receiving Dicumarol were studied to determine 
if any correlation existed between the occurrence of hemorrhage and increased 
capillary fragility as measured by the Gothlin test. 

2. Six of these patients had received Dicumarol continuously; the shortest 
period was three months and the longest, nineteen months. None of these pa- 
tients demonstrated a positive Gothlin test. 

3. Hemorrhage was observed seven times in 100 cases of patients receiving 
Dicumarol. In none of these was the Gothlin index positive. 

4. Seven patients demonstrated a positive Gothlin test who gave no clinical 
evidence of hemorrhage. 

5). The interpretation of the various tests for the detection of increased 
eapillary fragility is briefly discussed. 

6. The pathologie findings of hemorrhage occurring with Dicumarol are 
reviewed. 

7. This study suggests that the status of the cutaneous capillaries as de- 
tected by the Gothlin test does not reflect alterations which may occur in other 
portions of the capillary bed. 

8. Careful clinical observation and meticulous laboratory control are neces- 
sary to detect and prevent hemorrhage in patients receiving Dicumarol. 
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THE USE OF RUSSELL VIPER VENOM AND LECITHIN AS 
THROMBOPLASTIN IN THE ESTIMATION OF PROTHROMBIN 


C. A. Mawson, M.Sc., Pu.D. 
READING, ENGLAND 


ITH the increasing use of dicoumarin in anticoagulant therapy, methods 

for the estimation of prothrombin have become the subject of widespread 
controversy. Most published methods are based upon the one-stage procedure 
of Quick’ in which dried rabbit brain is used as thromboplastin, but many 
workers have found the preparation of this reagent troublesome and have had 
difficulty in reproducing the reference curve whereby Quick calculates the 
prothrombin concentration from the clotting time. For this reason rabbit brain 
extract has often been replaced by Russell viper venom (Fullerton?) which is 
packed in a convenient form (Stypven, Burroughs Welleome) and remains 
stable for long periods as a dry powder. Addition of lecithin (Hobson and 
Witts’?) to venom gives a preparation much more active than Quick’s brain ex- 
tract and which appears to have all the properties of a complete thromboplastin. 
However, when venom reagents are used for estimating prothrombin in plasma 
from patients receiving dicoumarin, the results obtained are usually much 
higher than those found by Quick’s method (e.g., Wilson*) and these dis- 
crepancies have led Macfarlane® to condemn the use of venom as likely to give 
a false sense of security at a time when an estimation using brain thrombo- 
plastin would reveal a disastrously low concentration of prothrombin. 

It is generally admitted that the most satisfactory method for prothrombin 
estimation is a two-stage procedure such as that first introduced by Warner, 
Brinkhous, and Smith® and it is very strange that among the many one-stage 
methods described in the literature the results obtained have seldom been 
directly compared with those of a two-stage method. This is probably due to the 
fact that the method of Warner, Brinkhous, and Smith ealls for purified 
reagents of standard activity which are difficult to prepare and somewhat un- 
stable. These objections were largely overcome by Herbert,’ a modification 
of whose method has been used in the present investigation, and it has been 
possible by the use of this method to compare estimations of prothrombin in 
dicoumarin plasma by the two-stage procedure with results given by several 
different one-stage methods. 

METHODS 

Blood Sampling.—Decalcification was carried out by mixing 8 to 12 ml. blood with 0.1 
ml. 10 per cent potassium oxalate, after which the blood was briefly centrifuged so that 
some platelets remained in suspension. The presence of platelets assists in detection of 
the clot in the venom-lecithin method. 


(1) Venom-Lecithin Method.— 
Lecithin: A 10 per cent solution of crude Ovolecithin B.P. in alcohol was kept in the 


refrigerator. 
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Venom: A solution of 0.1 mg. Stypven in 2.1 ml. water was stable for about a week 
at -12° C. 


N 
Venom-Lecithin Reagent: Venom solution (0.5 ml.) was mixed with3p9 NaOH (1.5 ml.) 


and lecithin (0.1 ml.), placed in ice water and used within one hour. (The concentration 
of the NaOH was such as to give a final pH of 7.0 to 7.4.) 


Calcium Chloride: <A solution containing 9.8 Gm. CaCl,-6H,O was made up to 100 
milliliters. Dilution of 0.3 ml. of this stock solution to 10 ml. gave the 0.15 per cent CaCl, 
used for the estimation. It was kept in a water bath at 38° C. This concentration is lower 
than that advised by Quick, who used more oxalate for decalcification of the blood. 


Apparatus: Many of the difficulties encountered in the use of venom and lecithin 
have been due to uncertainty in detection of the formation of the clot, coupled with the fact 
that the clotting times are so short (normal, 6 to 8 seconds) that small timing errors are of 
decisive importance. A brightly illuminated water bath is essential, in which the tube must 
be kept immersed from the moment of addition of the CaCl, The bath used in this work 
consisted of a small accumulator jar (17 by 9 by 9 em.) standing on a black and white 
titration tile and filled with water at 37 to 39° C. to within 0.5 em. of the top. The bath 
was simultaneously kept warm and illuminated by an adjustable lamp placed about 5 ecm. 
from the left side of the jar, level with the surface of the water and with the beam directed 
downward at an angle of 45 degres. Glare from the lamp was prevented by a small vizor 
fixed to the edge of the shade. 


Procedure: Plasma (0.1 ml.) and venom-lecithin (0.1 ml.) were mixed in a thin-walled 
test tube (75 by 8 mm.). The tube was shaken gently in the water bath for about fifteen 
seconds; 0.1 ml. 0.15 per cent CaCl,, measured in a wide-bore straight blood-counting pipette, 
was blown sharply into the tube and timing started immediately. The tube was held over 
the junction between the black and white portions of the tile at an angle of 10 to 20 degrees 
to the horizontal. The base of the tube rested on the surface of the water and the upper 
end was in contact with the wall of the jar just below the point at which it was held. The 
tube was rolled to and fro between the finger and thumb about its longitudinal axis, care 
being taken to maintain it at a constant angle so that the contents of the tube were not shaken. 
The tube was watched carefully from above until clotting occurred. The end point was the 
sudden appearance of a scalloped edge, which was followed by a solid clot. The scalloped 
edge was a very precise phenomenon which could be timed with great accuracy, and was best 
seen in plasma containing platelets. 

The method of timing is of crucial importance. Mechanical aids such as stop watches 
have the defect that considerable reaction-time delays are involved in their use. The writer 
has found that the best method is to count the seconds, which eliminates errors of this nature. 
With a little practice it is possible to count seconds by means of a mnemonic such as ‘‘ Photo- 
graph one, photograph two, ete.,’’ with an accuracy of + 1 second per minute. 

Reference Curve: The following dilutions of plasma were made with 0.85 per cent 
NaCl—75, 50, 25, 12.5, and 6.25 per cent. The clotting times were observed as described, 
with the exception that the 12.5 and 6.25 per cent dilutions sometimes did not show a scalloped 
edge but only the sudden appearance of floccules of fibrin. The ‘‘ prothrombin index’? was 
calculated in each case, i.e., . 


-Clotting time of undiluted normal plasma 
Clotting time of diluted plasma 





x 100 


The mean indices from ten normal specimens of plasma are shown plotted against the 
plasma percentage in Fig. 1. The use of the prothrombin index rather than the clotting 
time made it easier to read results from the curve and also avoided difficulties due to varia- 
tions in the clotting time of normal plasma with different batches of venom. Although any 
given batch gave very consistent results, it was advisable to check the clotting time with 
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Fig. 1.—Variation of prothrombin index with saline dilution of normal plasma—mean of 
ten experiments. 
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at least one specimen of normal plasma each time a prothrombin estimation was done. The 
reference curves given by different batches of venom were practically identical when the pro- 
thrombin index was plotted against the dilution. 

Reasons for preferring saline to prothrombin-free plasma for dilution will be discussed 
later. 

(2) Brain Method.— 

Brain Thromboplastin: Rabbit brain was dried by the method of Quick,§ finely ground, 
and kept in screw-capped vials filled with CO, at -12° C., under which conditions it is stable 
for many months (Owren®). Fifty milligrams dried brain were shaken with 1.25 ml. 0.85 
per cent NaCl and heated at 50° C. for twenty minutes. The suspension was kept at 38° and 
measured with a wide-bore 0.1 ml. pipette. Using the technique described under (1) normal 
plasma gives prothrombin times of 12 to 13 seconds as stated by Quick,1 though the reference 
curve prepared by dilution with 0.85 per cent NaCl (Fig. 1) differs somewhat from that eal- 
culated from Quick’s published data. 
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(3) Lung Method.— 

An extract of ox lung was made by the method of Smith, Warner, and Brinkhous.10 
It was heated at 50° C. for twenty minutes and kept under CO, at -12° C. It was as stable 
as the dried brain, giving clotting times with normal plasma of 17 to 19 seconds when used 
in place of venom-lecithin. The reference curve for this material shown in Fig. 1 was pre- 
pared as before by dilution of normal plasma with 0.85 per cent NaCl. . 

(4) Two-Stage Method.— 

Stock CaCl,: 9.8 Gm. CaCl,.6H,O made to 100 milliliters. 

_ Saline-CaCl,: 1 ml. stock CaCl, made to 100 ml. with 0.85 per cent NaCl. 

CaCl,-Thromboplastin: 1.25 ml. brain thromboplastin prepared as in (2) was diluted 
to 20 ml. with saline-CaCl,. The suspended particles of brain were not removed as their 
presence was important in detection of the clot. The mixed reagent was stable for at least 
a week at -12° C. 

Barbitone Buffer: A solution of 3 Gm. sodium barbitone in 100 ml. water was diluted 
with 350 ml. 0.85 per cent NaCl and 11 ml. N/1 HCl were added. The pH was adjusted to 
7.3 and the solution diluted to 500 ml. with 0.85 per cent NaCl. 

Fibrinogen: 30 ml. unhemolyzed oxalated plasma were mixed with 6 ml. 30 per cent 
suspension of BaSO,, warmed to 38° C., and incubated for five minutes. The mixture was 
shaken and incubated again for five minutes. After centrifugation the supernatant was cooled 
in ice and 1.2 volumes of ice-cold saturated NaCl were added slowly, with constant mixing. 
After standing in ice for thirty minutes the fibrinogen was centrifuged down, drained, and 
dissolved in 10 ml. 0.1 per cent potassium oxalate. The solution was dialysed overnight at 
4° ©. against 300 ml. 0.85 per cent NaCl containing 3 ml. 5 per cent potassium oxalate and 
then frozen at -12° C., under which conditions it was stable for about ten days. Before use, 
the solution was thawed slowly and centrifuged while a little ice remained, in order to re- 
move profibrin (Owren?). 

Procedure: Two dilutions of plasma (1:12.5 and 1:25) were made with 0.85 per cent 
NaCl, and 0.5 ml. of each was placed in a test tube. To each tube was added 0.5 ml. 
barbitone buffer and 1.0 ml. CaCl,-thromboplastin, a stop watch being started at the 
moment of addition of the thromboplastin. After about forty-five seconds 0.2 ml. of the 
first (1:50) conversion mixture was transferred to a thin-walled clotting tube of the type 
used in the one-stage methods. Ice-cooled fibrinogen solution (0.1 ml.) was blown sharply 
into the clotting tube, which was held in the illuminated water bath, and a note was made 
of the conversion time used. The counting of seconds was started at the moment of in- 
troduction of the fibrinogen and the tube was rotated and observed as in the one-stage 
methods. The clotting time was recorded and the procedure immediately repeated with a 
second sample from the same conversion mixture. Successive samples were taken in this way 
until a clot formed in the conversion mixture, which was the signal to proceed to the sec- 
ond conversion tube. With normal plasma the minimum clotting time was 10 to 12 seconds 
with the 1:50 dilution and 14 to 18 seconds with 1:100 dilution, while the corresponding 
conversion times were about 1 and 2 minutes. With plasma having a low prothrombin con- 
tent the conversion times as well as the clotting times were considerably prolonged, but it 
was most unusual to encounter a conversion time for the 1:100 dilution longer than 15 min- 
utes, with a clotting time of about 2 minutes. Hence a complete estimation could usually 
be completed within twenty minutes. 

Calculation: The prothrombin content of the test sample, expressed as a percentage 
of normal, was given by 


Clotting time with normal plasma 


Clotting time with test plasma — 





% Prothrombin = 


If the results of the 1:50 and 1:100 dilutions did not agree within 10 per cent, the experi- 
ment was repeated using intermediate conversion times. It was advisable to determine the 
clotting times with dilutions of normal plasma each time an estimation was done so that 
deterioration of reagents might be detected. 
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Remarks: The modified two-stage method just described differs in some respects from 
‘that of Herbert.7 Barbitone buffer is used instead of glyoxaline and this is probably why 
maximum conversion occurs before instead of after clot formation. Rieben,11 who also uses 
barbitone in a somewhat similar modification, has noticed the same difference. 

Herbert’s method for detection of the fibrin clot is technically difficult, but when 
thromboplastin containing particulate matter is used in an illuminated water bath clotting is 
easily detected. The fibrinogen in the conversion mixture seems gradually to accumulate on 
the particles of brain which move freely in the liquid as the tube is rotated. Suddenly the 
particles are held in a web of fibrin and the surface ceases to remain horizontal as the tube 
is turned, and this is the end point. 

Herbert used dilutions of 1:100, 1:200, 1:400, and 1:800 in the conversion mixtures. 
A 1:50 dilution has been added here because plasma low in prothrombin gives inconveniently 
long conversion and clotting times at dilutions greater than 1:100. Results calculated from 
the mean of 1:50 and 1:100 dilutions were not significantly different from those obtained by 
the addition of 1:200, 1:400, and 1:800 dilutions. 


RESULTS 
Comparison Between Venom-Lecitthin and Tissue Thromboplastins.—W hen 
comparisons were made between results of estimation of prothrombin by the 
venom-lecithin, brain, and lung thromboplastins it soon became evident that 
gross discrepancies were the rule rather than the exception. Systematic 
studies of patients receiving dicoumarin (Fig. 2 and Table I) gave such alarm- 
ing results that it was decided to follow all such cases in future by means of 
the two-stage procedure as well as by all three one-stage methods. 
TABLE I. PROTHROMBIN FOUND IN ig sors PLASMA BY ONE-STAGE AND Two-STAGE 
METHODS 


(Serial Estimations Were Made and the Figures Given Are Those Obtained on the Day When 
the Result by the Brain One-Stage Method Was at Its Minimum.) 








METHOD 
ONE-STAGE TWO-STAGE 
THROMBOPLASTIN 
VENOM-LECITHIN | RABBIT BRAIN OX LUNG | RABBIT BRAIN 
PATIENT PER CENT PROTHROMBIN 

Le 29 4 - i 
Ow 5 16 - ~ 
Jo 53 12 10 - 
Sp 30 - 52 
Cr 3: 14 48 
Fu 3! 24 57 
Ta 25 3D 
Ev 3¢ 9 11 
Br 5 14 

















5 

9 60 
An 5 Af 14 59 
Wa 5 5 a3 
Ha é 16 “f 52 
Me 2i 21 8 27 





Comparison Between One-Stage and Two-Stage Methods.—Owen and Boll- 
man have recently reported that when dicoumarin is given to dogs the fall in 
prothrombin as measured by the two-stage method is much less rapid and pro- 

.found than would appear from results obtained by Quick’s one-stage technique. 
Six* patients receiving dicoumarin have been studied throughout the course of 


*Now twenty-three patients—at time of proofreading, February, 1949. 
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Fig. 2.—Prothrombin in plasma of patient treated with dicoumarin. Results by one- 
stage method using 








1. Venom-lecithin 
2. Brain 
3. Lung 

as thromboplastin. : 


treatment, and it has been found in each instance that the results were similar 
to those observed by Owen and Bollman in the dog. One of these cases is illus- 
trated in Fig. 3, from which the results obtained with lung thromboplastin 
have been omitted for the sake of clarity. The one-stage results obtained by the 
brain method were nearly always lower than those found with the two-stage 
technique, and all the curves showed that there was reasonably good agreement 
between the two-stage method and the one-stage venom-lecithin method. When 
ox lung was used as thromboplastin in the one-stage method, the results were 
usually much lower than those found with rabbit brain. This is illustrated in 
Table I in which are included results from the above-mentioned six patients, 
together with others from patients whose prothrombin was not estimated by 
‘all four methods throughout the course of dicoumarin therapy. 


Effect of Mixing Plasmas.—When normal plasma was mixed with dicou- 
marin plasma the discrepancy between the prothrombin concentration as 
estimated by the venom-lecithin and brain thromboplastins was considerably 
reduced. When venom-lecithin was used, a mixture of normal and dicoumarin 
plasma gave a clotting time which differed little from the ‘‘expected’’ elot- 
ting time ecaleulated from the percentage prothrombin found in the dicou- 
marin plasma by the venom-lecithin method. (Table II.) However, with brain 
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Fig. 3.—Prothrombin in plasma of patient treated with dicoumarin. 


One-stage method: full line = venom-lecithin, broken line with crosses = brain. 
Two-stage method: dotted line with circles. 


thromboplastin, this table shows that in nearly every case the clotting time of 
the mixture was less than the ‘‘expected’’ clotting time calculated from the 
pereentage prothrombin found in the dicoumarin plasma by the brain method. 
Similar results have been reported by Owen and Bollman,’* using mixtures of 
normal and dicoumarin dog plasma, when prothrombin was estimated by the 
brain one-stage method. If the calculation of the expected clotting time is 
valid, the addition of normal plasma caused a shortening of the clotting time 
greater than could be accounted for by the added prothrombin as estimated 
by the brain method, whereas no such potentiating effect was observed when 
venom-lecithin was used. 

Influence of Factor 5.—Owen and Bollman™ have suggested that the dis- 
crepancy between the results of the one-stage and two-stage methods is due 
to the slow conversion of prothrombin to thrombin in dicoumarin plasma, and 
believe that this is due to a deficiency of Factor 5 (Owren®) which is identical 
with Quick’s' labile factor. Factor 5 is rapidly reduced when plasma is stored 
(Quick™’) and its oxidation is revealed by an increase in the ‘‘prothrombin 
time’’ which occurs in spite of the fact that the prothrombin content of stored 
plasma remains constant for about three weeks (Ware, Guest, and Seegers’’). 
If the diserepaney between the venom-lecithin and brain one-stage methods 
was due to a deficiency of Factor 5 in dicoumarin plasma, a similar discrepancy 
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TABLE II. Errect or Mixine NoRMAL AND DicouMARIN PLASMA; CLOTTING TIME (SEC.) OF 
MIXTURES OF NORMAL AND DICOUMARIN PLASMA 








VENOM-LECITHIN : BRAIN 


NORMAL + DICOUMARIN NORMAL + DICOUMARIN 
(1:1) (1:1) 











DICOU- DICOU- 
NORMAL MARIN OBSERVED | EXPECTED NORMAL MARIN OBSERVED | EXPECTED 


8 11% 9 9% 15 138 18 20 
8% 13% 10 10 15 56 19 19 
8 14 11% 10 15% 84 18% 191% 
8 14% 10 10 17 180 19% 22% 
9 23 12 11% 14 57% 15% 16% 
8 10% 10% 9 13% 40% 14% 16 
7% 7% 71% 13 ay 4 13% 14 
NORMAL + DICOUMARIN NORMAL + DICOUMARIN 
(1:3) (1:3) 
DICOU- | DICOU- 
NORMAL MARIN OBSERVED | EXPECTED | NORMAL MARIN | OBSERVED | EXPECTED 


14 10% 10 12% 72 17% 21% 
15% 10 11 13% 63% 16 23 
12% 10 10% 14 30% 17 21 
12% 9% 10% 14 30 16% 19 
9% 9% 9 14 19 16 16% 
10 9 9% 13% 20 15% 16% 
10 9% 9 13% 19% 15 16% 
11 9% 9% ia 28 15 20 
11 91% 9% 13 67 15 23 
11% 9 9% 12% 36 15 18 
13 10% 10 12% 33 15 19 

Example of calculation of “expected” clotting time in an experiment using venom- 

lecithin: 
Clotting time of normal plasma, 714 seconds. 


Clotting time of dicoumarin plasma, 15% seconds. 


Prothrombin index of dicoumarin’ plasma = ms < LOO -=-.48. 




















Percentage prothrombin in dicoumarin plasma (from Fig. 1) = 25 per cent. 
100 5 
Mixture of 1 part normal + 3 parts dicoumarin plasma should give we = 44 


per cent prothrombin. ; 
From Fig. 1 a plasma containing 44 per cent prothrombin should have an index of 68. 


7.5 


The clotting time of a plasma having an index of 68 would be 8 xX 100 = 11 seconds. 


Hence the “expected” clotting time of the mixture is 11 seconds. 


should exist when stored plasma is tested by the same methods. However, 
the ‘‘prothrombin percentage’’ found by the venom-lecithin one-stage method 
with stored human plasma is nearly always lower, not higher, than the result 
obtained with rabbit brain. A few experiments in which dicoumarin plasma 
has been mixed with prothrombin-free normal plasma containing Factor 5 
(human plasma treated with BaSO, and ox plasma passed through a Seitz 
filter) have given no evidence that dicoumarin plasma is deficient in this 
factor. Dicoumarin plasma will itself reduce the clotting time of stored hu- 
man plasma, in spite of its low prothrombin content, but results from such 
mixtures are difficult to interpret since each of these plasmas contains factors 
deficient in the other. 

Influence of Venom-Lecithin on Thrombin.—The possibility existed that the 
short clotting times obtained with venom-lecithin were due to acceleration 
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of the activity of thrombin. This was investigated by observing the effect of 
adding venom-lecithin, brain, or saline to calcium chloride and thrombin and 
then adding fibrinogen. The fibrinogen was prepared by adsorption of human 
plasma with Ca;(PO,)., precipitation with ether (Kekwick and co-workers"), 
reprecipitation with 1.2 volumes of saturated NaCl, and removal of profibrin 
by freezing. It contained 69 per cent of clottable protein. It was found 
(Table IIL) that venom-lecithin, brain, and also venom-lecithin plus brain 
all had a slightly inhibitory action on the activity of thrombin. 


TABLE IIT. INFLUENCE OF THROMBOPLASTINS ON THROMBIN ACTIVITY 


(Each Tube Contained 0.1 M1. 0.15 Per Cent CaCl, and Timing Was Started After Addition 
of 0.1 Ml. Fibrinogen to the Mixture.) 








ML. SOLUTIONS ADDED 


THROM- 
THROMBOPLASTIN BIN SALINE CLOTTING TIME 


Venom-lecithin 0.1 0.0 0.1 No elot 30 min. 
Brain 0.1 0.0 0.1 No clot 30 min. 

Experiment 1 None 0.1 0.1 34 sec. 
Venom-lecithin 0.1 0.1 0.0 47 see. 
Brain 0.1 0.1 0.0 42 see. 
Venom-lecithin 0.1 0.0 0.2 No elot 30 min. 
Brain 0.1 0.0 0.2 No elot 30 min. 
None 0.1 0.2 18 _ see. 

Experiment 2 Venom-lecithin { 0.1 0.1 21% see. 
Brain ; 0.1 0.1 23% sec. 
Venom-lecithin Y 0.1 0.0 22% see. 

plus brain 














Experiment 1.—Thrombin 0.2 mg. per milliliter, fibrinogen 0.15 per cent. 
Experiment 2.—Thrombin 0.4 mg. per milliliter, fibrinogen 0.30 per cent. 
The thrombin used was Parke, Davis’ Thrombin Topical. 


Prothrombin Conversion Time With Different Thromboplastins.—It has 
been pointed out by Warner, Brinkhous, and Smith® that the prothrombin con- 
version time of plasma varies with the prothrombin content, and this is illus- 
trated by the data shown in Fig. 4, all of which are taken from the records 
of one patient who was treated with dicoumarin for a month. These results 
were obtained using the modified Herbert technique with brain thromboplas- 
tin, and it seemed possible that the discrepancy found in the one-stage experi- 
ments between venom-lecithin and brain might be due to the former thrombo- 
plastin giving very much more rapid conversion of prothrombin to thrombin 
than the latter. Experiments were therefore done in which thromboplastins 
other than brain were used in the two-stage method. Table IV shows that 
with normal plasma, brain gave the shortest conversion times and lung the 
longest, with venom-lecithin occupying an intermediate position. It is also 
evident that at the lower dilutions the three thromboplastins produced the 
same amount of thrombin, so the influence of antithrombin may be discounted. 
The lengthened clotting times obtained with venom-lecithin at the higher 


dilutions were probably due to the comparative instability of this reagent. 
If the antithrombin effect had been of any importance it should have been 
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Fig. 4.—Variation of prothrombin conversion time with prothrombin concentration in 
a patient treated with dicoumarin. 
Conversion mixtures: dots = 1:50, crosses = 1:100. 





seen in the 1:50 dilution, but here a 34 minute conversion with brain gave 
the same thrombin clotting time as resulted from a 214 minute conversion 
with lung. 

The experiments reported in Table IV were all done with 1:16 dilutions 
of the three standard one-stage thromboplastins and the possibility remained 
that different results might be obtained at higher concentrations of thrombo- 
plastins, especially if normal and dicoumarin plasma were compared. This 
was proved not to be the case by comparing conversion times using dilutions 
between 1:5 and 1:20 (Table V). With both normal and dicoumarin plasma 
the conversion time with venom-lecithin was greater than it was with brain 
at all concentrations of thromboplastin tested. 
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TABLE V. RESULTS OF Two-STaGE ESTIMATION OF PROTHROMBIN IN DICOUMARIN PLASMA 
USING VARIOUS DILUTIONS OF VENOM-LECITHIN AND BRAIN AS THROMBOPLASTIN 
WITH A FINAL PLASMA DILUTION OF 1:160 








DILUTION NORMAL PLASMA DICOUMARIN PLASMA __| 
OF CONVERSION | CLOTTING | CONVERSION| CLOTTING PER CENT 
THROMBO- TIME TIME TIME TIME PROTHROM- 
PLASTIN (MIN.) (SEC. ) (MIN.) (SEC. ) BIN 








13d 23%, 25 6%, 67 37 

<4.0 214 231% 9 58% 40 

:10 2% 25 9 56 45 

215 3% 26 9 52 50 

:20 44 26% 11 55 48 

25 3 22 9 51 43 

$7.5 3% 22 11% 52 42 

Venom-lecithin :10 5 24 15144 54% 44 
215 6 27 15% ie 5 Y 4 

:20 644, 26 16% 72 36 


The usual dilution of thromboplastin for the two-stage method is 1:16. 








DISCUSSION 

Use of Isotonic Saline for Dilution of Plasma.—It has been shown in Fig. 4 
that low concentrations of prothrombin are associated with prolonged conver- 
sion times, and for this reason normal saline has been used for dilution of 
plasma in the preparation of standard reference curves. If prothrombin- 
free plasma is used, as advocated by many workers, conditions of rapid con- 
version are imposed upon mixtures of low prothrombin content which would 
not exist in undiluted plasma of similar prothrombin content. Table VI shows 
that when prothrombin is removed from plasma by adsorption with barium 
sulfate, and the prothrombin-free plasma is used as a diluent for the plasma 
from which it was prepared, the conversion time of the diluted plasma differs 
very little from that of the undiluted plasma. When plasma is diluted with 
saline, however, the conversion time is roughly doubled when the concentra- 
tion is halved. This can be seen both in Table VI and Fig. 4, and is confirmed 
each time a two-stage estimation is performed. Inspection of Fig. 4 will show 
that when prothrombin is reduced by dosage with dicoumarin the conversion 
time behaves as it does when plasma is diluted with saline, and not as it does 
when the dilution is made with prothrombin-free plasma. 


TABLE VI. EFrFrect OF PROTHROMBIN-FREE PLASMA ON CONVERSION TIME OF NORMAL AND 
DICOUMARIN PLASMA (CONVERSION TIME IN SECONDS) 








1:50 CONVERSION 1:100 CONVERSION 
NATURE OF PLASMA MIXTURE MIXTURE 

Normal 178 
1 part normal + 3 parts prothrombin-free normal 240 
Infective hepatitis j 101 
1 part infective hepatitis + 3 parts prothrombin- 

free infective hepatitis ‘ 188 
Normal 
Equal parts normal and prothrombin-free nor- 

mal 














Dicoumarin 
Equal parts dicoumarin and prothrombin-free 
dicoumarin 





The prothrombin-free plasmas were prepared by adsorption with barium sulfate and 
contained no prothrombin detectable by either venom-lecithin or brain one-stage methods. The 
dicoumarin plasma had been kept at -12° C. for two days. 
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The results obtained with dicoumarin plasma (Table VI) are interesting 
because this plasma had been kept at —-12° C. for two days and had lost a eon- 
siderable proportion of its original content of Factor 5. This is shown by the 
fact that the conversion times were 149 and 253 seconds for the 1:50 and 
1:100 conversion mixtures when the plasma was fresh, whereas the 2-day-old 
plasma gave the conversion times shown in the table of 240 and 500 seconds 
respectively. In spite of this loss of Factor 5 (which is recognised as a sub- 
stance essential for rapid conversion of prothrombin to thrombin) when the 
plasma was diluted to 50 per cent with prothrombin-free plasma the conversion 
times were rather less than those of the undiluted plasma. Since one-stage 
methods measure the rate of formation of thrombin and clotting may occur in 
normal plasma when about 5 per cent of the prothrombin has been converted 
to thrombin,’ it is obvious that if conversion could be made instantaneous a 
plasma containing only 5 per cent of the normal prothrombin might give 
the same clotting time as a normal plasma tested in the usual way. An ap- 
proach to this situation was reported by Honorato™ who found that when 
human plasma was diluted with concentrated prothrombin-free dog plasma 
’? remained at 11 to 13 seconds until the mixture con- 
tained less than 10 per cent of normal plasma. 


the ‘‘prothrombin time 


Another reason for not using prothrombin-free plasma for dilution is the 
fact that its properties depend so much upon the method adopted for removal 
of prothrombin. This has been shown by Conley and Morse’ and by the 
writer (unpublished data) who has found that if prothrombin-free plasma is 
prepared by adsorption with BaSO,, Ca;(PO,). or Al(OH);, or by Seitz filtra- 
tion, and is used for diluting normal plasma in the construction of reference 
curves of the type shown in Fig. 1, four different curves are obtained, each 
of which differs from the saline-dilution curve. Consequently, if the pro- 
thrombin index of an unknown plasma is referred to these curves five different 
results will be obtained for each of the thromboplastins, all of which will be 
lower than the two-stage result except when the index obtained with venom- 
lecithin is referred to a saline-dilution curve. Since there does not seem to 
be any satisfactory reason for preferring one form of prothrombin-free plasma 
to another, and since dilution with saline can give results which correspond 
with those of the two-stage method, dilution with saline has been used 
throughout this work. 

Discrepancy Between Results With Venom-Lecithin and Brain.—The 
reason for the failure of the various one-stage methods for prothrombin es- 
timation to give concordant results when used with dicoumarin plasma has 
not been found, but certain possibilities have been eliminated. The short 
clotting times obtained with venom-lecithin are not due to activation of throm- 
bin (Table IIT) or to acceleration of prothrombin conversion (Tables IV and 
V). The latter experiments are, however, only concerned with the completed 
conversion of prothrombin to thrombin, but it may be that with venom-lecithin 
the initial rate of thrombin formation is greater than it is with brain. This 
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is very likely, because the prothrombin time of normal plasma with venom- 
lecithin is only half of that observed with brain and one-third of that ob- 
tained with lung thromboplastin. 

To explain the discrepancies observed in results with dicoumarin plasma 
on the basis of initial conversion rates it would seem to be necessary to show 
that with venom-lecithin the conversion rate of dicoumarin plasma is initially 
more nearly equal to that of normal plasma than it is when brain is used as 
thromboplastin. The results given in Table II are insufficient to decide this 
point. They show that a mixture of normal with dicoumarin plasma has a 
greater effect on the results with brain thromboplastin than with venom- 
lecithin, and the only conclusion that can be drawn is that the coagulation 
defect of dicoumarin plasma revealed by the brain one-stage method is not 
merely due to a deficiency of prothrombin. Assuming that the two-stage 
method gives an accurate estimate of the prothrombin concentration, the 
venom-lecithin one-stage method described gives a closer approximation to the 
true prothrombin content than the rabbit-brain method. 


The important question remains—is the venom-lecithin method suitable 
for control of dicoumarin therapy? The moment of clotting is more easily 
detected with the tissue thromboplastins and serious errors are inevitable 
with the venom reagent if the greatest care is not exercised. The fact that 
the venom reagent gives results more nearly equal to those of the two-stage 
method than the tissue thromboplastins may be due to a happy chanee, but 


from the clinical point of view it is more desirable to estimate the tendency 
to bleed than to determine accurately the concentration of prothrombin in 
the plasma. Experience alone.can show what is the danger point for any given 
method, and it is most unwise to apply criteria applicable to one method to 
results obtained with another. We believe that the important point is not 
the method used but the criteria employed for the interpretation of the re- 
sult. 


Our limited experience suggests that hemorrhage is unlikely if the plasma 
prothrombin, as estimated by the venom-lecithin or two-stage methods, is kept 
above 30 per cent of the normal value. In one instance a patient bled from a 
small uleer in the mouth when the prothrombin by venom-lecithin and two- 
stage methods was about 60 per cent, but in this case the result by Quick’s 
method was 34 per cent. The latter figure is well above the accepted danger 
level for the brain method, which shows that caution must be observed what- 
ever the ‘‘prothrombin time’’ may be. This is the only hemorrhagic incident 
which we have observed among eighteen patients controlled by means of the 
venom-lecithin method and it was not sufficiently serious for the patient to 
notify her doctor until the bleeding had ceased. One other patient had a small 
hematoma of doubtful origin on her eyelid at the same time as a needle- 
hematoma. Our clinical colleagues believe that satisfactory results can be 
obtained with a prothrombin concentration of 40 to 50 per cent as estimated 
by the two-stage and venom-lecithin one-stage methods, so we have had no 
opportunity of studying cases where the prothrombin had been reduced to 
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hemorrhagic levels. However, the tendency to bleed is sometimes not closely 
correlated with the prothrombin concentration and we must understand more 
about other clotting factors before we can control anticoagulant therapy 
with complete confidence. 

SUMMARY 


1. Modified methods and apparatus are described for the estimation of 
prothrombin by the one-stage and two-stage procedures. 

2. When plasma from patients treated with dicoumarin was used, the 
two-stage method gave results in fair agreement with those obtained by a 
one-stage method in which Russell viper venom and lecithin was used as the 
thromboplastin. When rabbit brain or ox lung was used, the prothrombin econ- 
centration found was lower than that given by the two-stage method. 

3. Possible reasons for the discrepancies are discussed together with the 
significance of these observations in the control of anticoagulant therapy. 


My grateful thanks are due to Dr. R. G. Macfarlane and Dr. R. Biggs for opportunities 
for discussion of this work. 
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A PROTAMINE TITRATION AS AN INDICATION OF A CLOTTING 
DEFECT IN CERTAIN HEMORRHAGIC STATES 


J. Garrotr ALLEN, M.D., Peter V. Mou.per, M.D., 
RicHarp M. ELGHAMMeER, M.D., Burton J. Grossman, M.D., 
CHARLES L. McKEeENn, M.D., Marcarer SANDERSON, B.S., 
WILLADENE EGneEr, B.S., AND JAMES M. Crossiz, M.D. 
Cuicaco, IL. 


VIDENCE has been presented suggesting an increase of a heparin-like 

substance in the dog exposed to 450r x-ray over the entire body.’ A similar 
though not necessarily identical, defect also has been observed in some patients 
with certain hemorrhagic states.2, The blood of both patients and dogs under 
these respective circumstances was found abnormally susceptible to the effects 
of added heparin. For example, normal dog blood will tolerate 0.003 to 0.004 
mg. of commercial heparin (Abbott) per milliliter of hlood before coagulation 
is prolonged, whereas the blood of the irradiated dog at the time of bleeding 
may tolerate only 0.00005 mg. per milliliter. Such techniques are difficult, even 
in experienced hands, and the end points are affected by many factors, inelud- 
ing thrombocytopenia and prothrombin deficiency. 

Wide variations in the tolerance of blood for added heparin were found in 
certain pathologic states in man, whereas normal blood tolerated heparin in a 
consistent manner. This suggested a decrease in the buffering power of these 
abnormal bloods for heparin, or an increase of heparin-like substances, or both. 

Once the amount of added heparin begins to inerease the clotting time, 
very small increments then markedly prolong it. When these increments are 
plotted against the clotting times, the curve obtained for normal blood is a 
typical first order curve. In order to make use of the more sensitive portion of 
the curve, blood specimens were made incoagulable by the addition of a standard 
amount of heparin and then ‘‘back titrated’’ with standard antiheparin (pro- 
tamine sulfate) to a clotting end point. Theoretically, the amount of protamine 
sulfate required in such a system to re-establish coagulation would vary in 
accordance with the concentration of the native ‘‘heparins’’ and ‘‘antiheparins’”’ 
of the sample, other factors being normal. The protamine requirement under 
standard conditions was found remarkably constant in dog and man. It soon 
was found that the protamine requirement in this titration was increased in 
many hemorrhagic states to an extent too great to be attributed to an increase of 
heparin of the commercial type. That is, the titration was influenced out of pro- 
portion to any changes found in the whole blood clotting time. This phenomenon 
has been studied and has been reported elsewhere, Because this titration pro- 
cedure has proved helpful in the study of certain hemorrhagic states, it is 
reported herein. 


From the Department of Surgery and the Argonne National Laboratory of the University 
of Chicago. 
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This test is not necessarily a measure of heparin itself or even of heparinoid 
materials, for it may be increased by several factors, only some of which are 
known. Hence, it is only of value when all the known factors related to 
hemostasis can be evaluated. It appears to be a measure of a clotting defect 
similar to, though not identical with, that produced by the intravenous admin- 
istration of a commercial beef heparin. 


The Protamine Titration.— 
1. Reagents and Equipment: 


(a) Protamine (salmine) sulfate stock solution: 50 mg. of powdered protamine sulfate 
(Lilly) are dissolved in distilled water and made up to 50 ml. in a volumetric flask. Do 
not use for twenty-four hours. Keep refrigerated at 1 to 4° C. (it is stable for one week). 

(b) Liquid commercial heparin (Abbott). 

(c) Ten serology tubes (1 em. inside diameter by 8 em. long). 

(d) Conical centrifuge tube, graduated to 15 milliliters. 

(e) 10 ml. pipette, graduated to tip. 

(f) 20 ml. syringe, glass tipped, with thin coating of light mineral oil. 

(g) 18 gauge needles, 114 in. long. These must be sharp and should be cleansed with 
Haemasol* and checked with hydrogen peroxide for evidence of peroxidase before drying 
with alcohol and ether. 


All glassware must be chemically clean and dry before using. 
2. Procedure: 


(a) Pipetting the protamine solution: To each of the ten serology tubes the protamine 
sulfate solution is added from a micropipette in increments of 0.02 ml. (0.02 mg.) beginning 
with 0.02 ml. (0.02 mg.) in the first tube and ending with 0.20 ml. (0.20 mg.) in the tenth 
tube. The entire ten tube range runs serially from 0.02 ml. to 0.20 ml. (0.02 mg. to 0.20 mg.) 

(b) Pipette heparin: into the conical tube: With a micropipette deliver 0.10 ml. 
(1.0 mg.) liquid commercial heparin to the bottom of the conical centrifuge tube. 

(c) Venipuncture: Cleanse skin with alcohol and dry. Apply tourniquet and make 
clean needle puncture. Gently aspirate (preferably by venous pressure) 12 to 14 ml. of 
blood. If a good venipuncture is not accomplished on the initial puncture, another needle 
should be used as tissue juice or small amounts of blood may introduce serious error. The 
syringe should be free of air bubbles. 

(d) Mixing the blood and heparin: Remove needle from syringe and allow the blood 
to run gently down the side of the conical tube containing 1.0 mg. (0.1 ml.) of heparin, bring- 
ing the blood to the 11 ml. mark. Stopper the tube with rubber stopper and slowly invert 
fifteen times to obtain reasonable mixing. The remainder of the test may be done in the 
laboratory and should be completed within one hour. If not pipetted at once, inversion mix- 
ing is repeated immediately before use. 

(e) Pipetting the blood: The 10 ml. pipette is carefully filled with the heparinized 
blood mixture, avoiding aspiration of air bubbles. One milliliter of blood is allowed to flow 
down the side of each of the ten tubes containing the protamine solution. Each tube is 
shaken briskly eight to ten times to obtain reasonable mixing of the heparinized blood with 
protamine solution. The entire series of tubes is then allowed to stand undisturbed for one 
hour at room temperature before the end point is read. The end point is defined in terms 
of the protamine content of the tube containing the least amount of protamine in which a 
solid clot has formed at this time. 

(f) The end point: In a series of 100 normal male subjects all tubes containing 0.14 
mg. or more of protamine clotted. Those tubes containing 0.12 mg. or less remained fluid. 


*Distributed by American Hospital Supply Corp., Chicago, IIl. 
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Two unexplained exceptions have been observed. These did not clot with 0.14 mg. protamine 
at the end of one hour, but did clot into the normal range at the end of two hours. In a 
similar series of normal dogs, the end point was found to be 0.12 mg. of protamine. Here- 
after, the human normal end point is the one described. In women this end point may be 
increased during the menstrual period. Normally, the clot appears firm and retracts in all 
tubes containing 0.14 mg. of protamine or more and is entirely fluid in all the tubes contain- 
ing 0.12 mg. or less after one hour. Clot retraction, however, is slightly impaired in the 
tubes of high protamine concentration. The effect of other mild to moderate blood de- 
ficiencies on reading the end point is minimized by reading at one hour. This is especially 
true of thrombocytopenia and prothrombin deficiency. 

3. Sources of Error: 

(a) Moist or unclean glassware or needles. 

(b) Inaccurate measurement of protamine and/or heparin solutions. 

(c) Poor venipuncture technique. In all coagulation studies, it is imperative that the 
blood flow is prompt and free. 

(d) Failure to age protamine solution for twenty-four hours before use; using prota- 
mine solution that has been standing for longer than one week or that has not been kept 
refrigerated. The antiheparin activity can be checked by running a protamine titration on 
normal blood with each new batch of protamine solution. 

(e) Biologic variations that may. occur in preparation of heparin: It is advisable to 
check each new vial of heparin with the previous vial by running a protamine titration on 
normal blood using heparin from both vials before the supply from the one in use is exhausted. 

(f) Failure to obtain adequate mixing of either heparin with the original blood or. 
of the heparinized blood with the protamine solutions. In the latter case, clotting may 
appear sporadically in the series of protamine tubes. 

(g) Gelation: In some cases gelation precedes or substitutes for coagulation. This 
problem is best resolved by reading as the end point the tube in which gelation first appears. 

(h) Undiagnosed hemophiliae or prothrombin deficient bloods: These conditions may 
increase the protamine titration; the complications are described in detail later. 

(i) Clotting within normal range (0.14 mg. of protamine) after one hour: As 
previously stated, normal blood and most abnormal blood specimens show no further clotting 
after one hour. An occasional blood sample, however, may show an increase in the protamine 
titration at the end of one hour but clot within the normal tube (0.14 mg. of protamine) 
after several hours. It has been our experience that these otherwise normal individuals show 
no significant clotting abnormality. In a few instances a similar decrease in the protamine 
titration occured in bleeding cases, but these generally did not return to the normal range. 


Factors Affecting the Protamine Titration.—Interpretation of the prota- 
mine titration depends upon complete evaluation of all the known factors con- 
cerned with hemostasis. Normal hemostasis involves at least three systems: 
(1) vaseular, (2) cellular elements, (3) plasma. Of the cellular elements the 
platelets are probably the most important. They are concerned with thrombo- 
plastin and are intimately associated with the plasma factors, which include pro- 
thrombin, fibrinogen, prothrombin accelerator factors, antihemophilic globulin, 
clotting inhibitors, and possibly others not yet known. 

The protamine titration is independent of the platelet count and vascular 
components. When the protamine titration is increased, thrombocytopenia and 
vascular disturbances are frequently present. This association, however, is not 
one of cause and effect. 

The protamine titration ean be markedly influenced by any factor which 
is capable of prolonging the whole blood clotting time. 

Prothrombin Deficiency: Prothrombin deficiency of severe degree, in both 
dog and man, will increase the protamine requirement in the protamine titra- 
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tion. The degree of reduced prothrombin activity must be of such magnitude 
that it will prolong the whole blood clotting time; hence, it must be less than 
40 per cent of normal activity before the titration is increased. Based on 
experience with the normal dog given Dicumarol, the protamine titration does 
not increase until the prothrombin activity is less than 25 per cent of normal. 
It may be that some revision of these data will be required in cases of reduced 
prothrombin activity in the presence of liver disease, as this aspect of the 
problem has not been investigated. Normal or near normal prothrombin activity 
has been interpreted to indicate lack of any marked disturbance of the accelera- 
tor factor (accelerator globulin, prothrombin A, factor V). 

Heparinization: The therapeutic intravenous heparinization (35 to 50 mg. 
per single total dose) markedly increases the clotting time but at these 
levels does not appreciably affect the protamine titration in otherwise normal 
blood. If, however, the protamine titration scale is made more sensitive, the 
effect of heparin therapy can be detected readily. Moreover, the patient with 
prothrombin deficiency given heparin may show an increased titration when 
neither the prothrombin deficiency nor the heparin alone is capable of increas- 
ing the protamine titration. 

Hemophilia: Sinee in this disease the clotting time is prolonged, the 
protamine titration also may be increased. This is probably a function of 
thrombin formation. Not all hemophiliae persons show an increased protamine 
titration, but in severe exacerbation the titration is generally increased. 

Fibrin: Fibrin is the end point read in the protamine titration; conse- 
quently, in the absence of fibrinogen, no end point can be read. 

Thrombocytopena: The titration in our experience has been more fre- 
quently normal than abnormal in idiopathic thrombocytopenia. However, 
patients with thrombocytopenia and increased protamine titration have been 
clinically improved and their titration returned to normal without evidence of 
any increase in the platelet count.” 

The magnitude of the changes produced in the protamine titration by the 
factors listed has been minimized by: (1) the range of protamine used (increase 
of 0.02 mg. per tube), (2) brisk shaking of tubes to initiate clotting, and (3) 
reading the titration no sooner than one hour after mixing heparinized samples 
in protamine tubes. 

SUMMARY 


A method for measuring a clotting defect found in certain hemorrhagic 
states has been described. 
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ENZYME STUDIES ON HUMAN BLOOD 
III. Errect or PLASMA PROTEINS ON COAGULATION* 


GrorcE Y. SuHrnowara, Pu.D. 
CoLumBuS, OHIO 


N A previous report! it was demonstrated that the level of the clotting times 

becomes elevated as the purity of the fibrinogen preparation increases. This 
observation prompted us to study the effect of proteins added to the substrate 
on the thrombin-fibrinogen reaction time. 


METHODS AND MATERIAL 


Fibrinogen fractions of 79 to 80 per cent purity were prepared from dried 
human plasma by the application of the low salt-low temperature-ethanol prin- 
ciple.2 The hemoglobin solution was prepared by dialysis in citrate phosphate 
buffer (ionic strength T'/2, 0.129; pH 7.2) of lysed human erythrocytes previ- 
ously washed four times with 6 vol. of saline. All stock solutions, including 
those of Fractions II-III, IV-1, IV-4, V (Cohn?), and heated 25 per cent human 
albumin*® * (Cutter Laboratories), were made up in citrate-phosphate buffer on 
the day of the experiment. When adjustment to pH 7.2 was necessary, 0.1M 
NaOH in citrate-phosphate buffer was added, volume not exceeding 10 per cent 
of the total volume of the stock solution. Each protein solution in at least four 
different concentration levels was added to fibrinogen fraction solutions at final 
substrate concentration of 0.5, 0.25, 0.125, 0.062, and 0.031 per cent. <A control 
series without added protein was also tested. Thus, for one experiment, duplicate 
or triplicate clotting times were determined on each of at least twenty-five sub- 
strates. Actually, eleven experiments involving two hundred and seventy-five 
test solutions with primary plasma fractions added and fifty-five control solu- 
tions with fibrinogen fraction alone were done. In addition, fifteen test solutions 
with varying proportions of Fraction V (albumin) and a globulin mixture of 
Fractions II-III, IV-1, and IV-4 were investigated. The clotting times were 
determined upon addition of 0.2 ¢.c. thrombin (a 1 to 10 dilution of Lederle’s 
Hemostatie Globulin in citrate-phosphate buffer) to 0.8 ¢.c. of the substrate 
equilibrated at 37.5° C. The reagents and techniques for clotting time and 
protein determinations have been described previously.’ 


RESULTS 


The data on the effect of added protein on the thrombin-fibrinogen reaction 
at 0.25 per cent fibrinogen fraction concentration are presented in Fig. 1. 


From the Department of Pathology, College of Medicine, The Ohio State University. 
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Almost identical results were obtained in similar studies at 0.5, 0.125, 0.062, and 
0.031 per cent concentrations. It is shown that the thrombin-fibrinogen clotting 
time is markedly reduced by both native albumin (Fraction V) and heated 
albumin, definitely elevated by Fractions II-III and IV-1, and slightly lowered 
by Fraction IV-4 and hemoglobin. 
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Fig. 1.—The effect of added plasma Fractions IV-1, II-III, IV-4, V-N (native albumin, 
three experiments), V-H (heated albumin, four experiments), and Hb (hemoglobin) on the 
thrombin-fibrinogen clotting time. 

Citrate-phosphate buffer, ['/2, 0.129; pH 7.2; 0.25 per cent fibrinogen fraction in substrate. 


*Clotting time, 17.4 to 18.5 seconds, 


Experiments were also done on the combined effect of the various plasma 
protein fractions on the thrombin-fibrinogen clotting time (Fig. 2). Globulin 
consisted of a mixture of Fractions II-III, IV-1, and IV-4 in weight distribution 
respectively of 19.0, 5.1, and 5.8. This ratio, which represents the electrophoretic 
composition of these fractions in normal human plasma, was obtained from the 
data of Cohn and associates.? 
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Fig. 2.—The effect of added plasma proteins of varying albumin-globulin proportions on 
the thrombin-fibrinogen clotting time. 
' <r buffer, ['/2, 0.129; pH 7.2; 0.25 per cent fibrinogen fraction in sub- 
strate. 

*Clotting time, 17.4 to 18.5 seconds. 


DISCUSSION 


The foregoing experiments demonstrate without doubt that albumin has an 
accelerating effect on the thrombin-fibrinogen fraction clotting time. That this 
effect might be due to a contaminating enzyme or globulin in Fraction V is 
untenable for obvious reasons. Similar quantitative results were obtained with 
albumin prepared by the reprecipitation of Fraction V and subsequent heating 
of the resulting 97 to 99 per cent albumin for ten hours at 60° C. in the presence 
of the sodium salt of acetyl tryptophan.** This interesting relationship of 
albumin to the thrombin-fibrinogen fraction reaction merits further study. 
There is no justification from the data on hand to state that albumin influences 
thrombin activity per se, for it is possible that the fibrinogen molecule itself 
might be involved, that a coagulant contaminant might be activated, or that 
there may be inhibition of anticoagulant substance, if present, in the fibrinogen 
fraction. 
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It must be stated that our results do not necessarily refute the opposite 
findings of Quick,® who suggested that a blood albumin fraction is antithrombic 
and is synergistic with heparin. Extensive and careful work by other in- 
vestigators has essentially confirmed this concept. Quick® clearly emphasized 
that this activity might well be a contaminant in the albumin fraction. This 
was confirmed by several workers,” *° who demonstrated that the anti- 
thrombie activity resides in albumin fractions but not in crystalline albumin. 
Moreover, previous workers were purposefully testing the effect of albumin 
fractions on thrombin as indicated by their incubation of the two substances 
before reaction with fibrinogen or plasma, In our experiments the protein 
was added to fibrinogen fraction solutions, and no significant changes were 
demonstrated when clotting times were done during a three-hour period after 
mixing. Another reason that our results cannot be adequately compared with 
those of previous investigators is that the methods for the preparation of the 
protein fractions were not the same. Finally, the fibrinogen fractions used 
in this study contained approximately 20 per cent globulins (other than 
fibrinogen). Antihemophilic globulin’? and an active proteolytic enzyme" 
have been reported in fibrinogen fractions. 

Fraction II-III definitely increased the thrombin-fibrinogen fraction clot- 
ting time. Deutsch’? determined thrombin by the two-stage method on this 
prothrombin-rich Fraction II-III and concluded that the assay is difficult 
because of the presence of thrombin-inhibitors, which he states are of two 
possible types: one which inhibits prothrombin conversion and another which 
inactivates thrombin. Since in the present study calcium and thromboplastin 
were not added, it would seem that only the latter type: of inhibitor could 
apply as a possible explanation. Deutsch and Gerarde'® also found that 
gamma globulins, as well as albumin, do not alter the clotting times of rabbit 
plasma with added calcium and thromboplastin; beta globulins, however, were 
found to have a definite retarding effect. As with Fraction II-III in this 
study, Fraction IV-1 caused an elevation in the thrombin-fibrinogen clotting 
time. Fraction IV-4 caused a slight depression in the clotting time; this may 
be explained on the basis of its relatively high albumin content of approxi- 
mately 15 per cent.2 In general, our results would indicate that the net effect 
of native plasma globulins in normal distribution is to inerease the thrombin- 
fibrinogen fraction reaction time. 

The experiments with albumin-globulin mixtures of varying proportions 
substantiate the results from experiments on individual fractions and suggest 
a homeostatic balance between albumin and globulins within a wide range in 
respect to the fibrinogen fraction-thrombin reaction. 


SUMMARY 


In a system of fibrinogen fractions (79 to 80 per cent purity) in citrate- 
phosphate buffer (pli 7.2; 1/2, 0.129), albumin definitely lowers, Fractions 
II-III and IV-1 elevate, and Fraction IV-4 and hemoglobin slightly depress the 
clotting times. The significance of these findings with fibrinogen fractions pre- 
pared by the low salt-low temperature-ethanol principle is discussed. 
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THE USE OF URINARY PIGMENT EXCRETION FOR THE 
MEASUREMENT OF BASAL METABOLIC RATE 


JEFFERSON J. VORZIMER, M.D., F.A.C.P., Ira B. CoHen, M.D., AND 
JULES Joskow, B.S., M.A.* 
New York, N. Y. 


HE diagnosis and control of hyperthyroidism depends, to a large degree, 

upon an accurate determination of the basal metabolic rate. It is known 
that such conditions as neurocireulatory asthenia, alcoholism, pregnancy, and 
apprehension may cause an increase in oxygen consumption which does not 
reflect the true basal metabolism. In pediatrie practice, and in patients with- 
out teeth or with perforated eardrums, it is virtually impossible to obtain 
accurate B.M.R. determinations with the usual clinical equipment. The 
existence of these conditions which produce an increase in oxygen consump- 
tion rate, in the absence of an increased basal metabolism, frequently renders 
the accuracy of the B.M.R., as determined by the respiratory calorimeter, 
open to question. Since the determination of the true basal metabolism, and 
not a machine-measured increase in oxygen consumption, is of great impor- 
tance in the diagnosis and control of thyrotoxicosis, the presence of any of 
the afore-mentioned conditions frequently makes it impossible to determine 
true basal metabolism, with our present methods. The elaboration of a 
clinically applicable procedure, which would serve as a: measure of basal 
metabolism, independent of oxygen consumption, is, therefore, of great im- 
portance. Early in 1948, Dr. Irwin Slater brought to our attention the work of 
Ostow and Philo, on the relation of the pigment/creatinine ratio to basal 
metabolic rate. We investigated the accuracy and constancy of this relationship, 
in an effort to obtain a relatively simple yet practical and accurate measure of 
true basal metabolism. 

The yellow color of the urine is generally ascribed to the pigment urochrome. 
The chemical constitution and the nature of the precursors of urochrome are un- 
known, although there is evidence! that tryptophane and kynurenin are involved 
in its production. Drabkin? observed that the output of urinary pigment is 
remarkably constant from day to day under ordinary conditions of health. This 
output is independent of diet, but bears a relation to the level of basal oxygen 
consumption, and is, therefore, a product of endogenous metabolism. In hyper- 
thyroidism, fevers, and in artificially produced elevations of metabolism by the 
administration of thyroxin or epinephrine, the output of urinary pigment is 
increased. Urochrome excretion also is enhanced by tissue breakdown, starvation, 
or by the administration of acids. Diminished urinary pigment excretion is ob- 
served after extirpation of the thyroid, and the administration of alkalies. 
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The daily creatinine excretion is extraordinarily constant for the individual 
and is not influenced by ordinary exercise or by urine volume. Creatinine out- 
put varies from 1.5 to 2.0 Gm. daily for men and from 0.8 to 1.5 Gm. for women, 
corresponding to about 2 per cent of body creatine content. The creatinine 
-oefficient 

Mg. creatinine execreted/day 
Body weight in kilograms 





is from 20 to 26 for the majority of normal men and from 14 to 22 for women. 
[ts value depends upon the muscular development of the individual; the sex 
variation is due presumably to the different relative amounts of fatty and mus- 
cular tissues of male and female bodies. Athletic women for this reason have a 
coefficient as high as or higher than men of obese build and poor muscular de- 
velopment.’ Unlike the excretion of urea which is derived largely from ex- 
ogenous sources, the creatinine output is practically independent of the protein 
level of the diet and is therefore considered to be a quantitative index of tissue, 
and more especially, of muscle metabolism. 

Ostow and Philo‘ reinvestigated the nature of the relationship between 
urinary pigment output and the basal metabolic rate. To correct for weight, 
height, habitus, and age of the subjects, the rate of pigment excretion was com- 
pared with the rate of excretion of creatinine, the latter being constant for each 
individual. Since this is a ratio of the concentration of the two substances, 
there is no necessity for measuring urinary volumes per unit of time. This 
ratio (pigment/ecreatinine) was found to parallel the basal metabolic rates of 
patients to whom thyroid extract was administered. The test cannot be done 
in the presence of bile or free hemoglobin in the urine such as may occur during 
menstruation, nor following the ingestion of foods such as beets and rhubarb 
or large quantities of riboflavin or dyes which color the urine. In eases of renal 
disease with nitrogen retention? and in cases of severe liver damage® and in 
some cases of chronic heart disease, it is impossible to obtain a valid pigment/ 
creatinine ratio. From a practical standpoint, however, these conditions do not 
usually coexist in patients in whom it is of importance to obtain an accurate 
basal metabolic rate determination for diagnosis or management. 

The purpose of this investigation was to determine whether there existed 
an accurate correlation between basal metabolic rates as determined by the 
respiratory calorimeter and the pigment/creatinine ratio, and, if possible, to 
obtain a regression equation from this relationship. If a statistically valid 
equation could be derived, the pigment/creatinine ratio could then be applied 
wherever the accuracy of the basal metabolic rate measurement was in question. 


METHOD 
Patients selected for this study were instructed to report to the clinic as 
soon as possible after arising. On arrival, they voided urine, and this specimen 
was discarded. After resting for one hour, a B.M.R. determination was done 
with the respiratory calorimeter. The pigment/creatinine ratio then was 
determined on a urine sample obtained after the completion of the B.M.R. test. 
Only those cases in which the B.M.R. was consistent with the clinical diagnosis 
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were included in this study. To prevent variations in the apparent concentration 
of urinary pigment due to chemical alteration after voiding, all samples of urine 
were placed immediately in a refrigerator, and spectrophotometric readings were 
made as soon as possible, though never later than two hours after voiding. The 
urine sample is centrifuged at high speed for ten minutes to remove any sediment. 
A portion of the supernatant urine is then placed in a 10 by 75 ml. cuvette and 
the per cent light transmission at a wave length of 420 mp is determined with 
a Coleman Junior spectrophotometer. 
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The urinary creatinine content is determined by a modification of the Jaffe 
reaction.® Urine, 0.1 ml., diluted 1:5 with distilled water (1:4 in urines of low 
specific gravity), 2 ml. of saturated picric acid, and 0.15 ml. of 10 per cent 
sodium hydroxide are placed in the 10 by 75 ml. cuvette. After standing for 
ten minutes, the per cent light transmission at a wave length of 520 my is 
determined in the spectrophotometer. The creatinine concentration is deter- 
mined from a graph made by plotting per cent light transmission against various 
dilutions of a standard creatinine solution. 


RESULTS 

Determinations obtained from one hundred fifty-six adult female subjects 
are indicated in Fig. 1, and from fifty-seven adult male subjects in Fig. 2. 

It will be noted in Figs. 1 and 2, that the great majority of both female 
(ninety-four cases) and male subjects (thirty-three cases) exhibit basal metabolic 
rates generally considered to fall in the normal range (15 per cent above and 
10 per cent below the caleulated normal). From a statistical standpoint the 
number of cases above the normal range (forty-one female subjects, seventeen 
male subjects) is large enough and correlates well with the findings in the 
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iormal group. It would therefore seem that the curve is applicable to hyper- 
hyroid states. The cases that fall below the normal range (twenty-one female 
subjects, seven male subjects) are too few in number to allow any definite con- 
lusions as to the application of the curve in hypothyroid states. 

Statistical analysis of the one hundred fifty-six observations on women re- 
vealed the following results: B.M.R. readings varied from 72 per cent of normal 
o 162 per cent, with a mean of 108.4 per cent and a standard deviation of 18.8 
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Fig. 2. 


per cent. Pigment/creatinine readings ranged from 124 to 536, averaging 
243.8, with a standard deviation of 80.2. The coefficient of correlation, assuming 
a straight-line relationship, was 0.92. The standard error of estimate was 7.4 
per cent. The regression line is: B.M.R. = 54.7 + .22 pigment/creatinine. 

Statistical analysis upon the fifty-seven observations on men revealed the 
following results: B.M.R. readings varied from 83 per cent to 159 per cent, 
averaging 109.9 per cent, with a standard deviation of 15.0 per cent. Pigment/ 
creatinine readings ranged from 124 to 394, with a standard deviation of 52.2. 
The coefficient of correlation of Pearson was 0.88. The standard error of esti- 
mate was 7.1 per cent. The regression line is B.M.R. = 57.0 + .25 pigment/ 
creatinine. 

INTERPRETATION OF DATA 


Women.—The ealeulation of the coefficient of correlation reveals an ex- 
tremely close relationship between B.M.R. and pigment/creatinine. The 0.92 
coefficient of correlation implies a relationship close enough to allow inter- 
changeability of the variables. The regression equation obtained is quite close 
to the one obtained by Ostow and Philo,‘ thus confirming their results. However, 
the higher correlation in our analysis imputes even greater reliability to the use 
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. of the equation. Graphically, this fact is illustrated by the smaller scatter of 
points around our regression line. 

Men.—Ostow and Philo* published no seatter diagrams for data on men, 
but it can be inferred that the relationship which they discovered was too weak 
for practical application. However, upon applying the correlation technique 
to our fifty-seven determinations, we do uncover a strong relationship between 
the two variables. While not quite as closely related as the variables for the 
data on women, the coefficient of correlation (0.88) certainly indicates a strong 
enough relationship for the application of the regression technique. In this 
instance, it should be noted that our regression equation differs quite sig- 
nificantly from the results obtained by Ostow and Philo,‘ but is very close to 
the results obtained in the female series. Further experimental and statistical 
investigation would very likely reveal that the results for the male group are 
not significantly different from those for the female group. 


CONCLUSION 


The ratio of urinary pigment to creatinine excretion in the urine ean be 
used as a measure of basal metabolism. The test is easily performed and is 
reliable. 

The basal metabolic rate can be calculated from the following equations: 


Men— B.M.R. = 57.0 + .25 pigment/creatinine. 
Women— B.M.R. = 54.7 + .22 pigment/creatinine. 


The authors appreciate the technical assistance rendered by Miss Virginia Rech- 
nitzer, Miss Edna Arzt, and Mrs. Jennie Shatton. 
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EXACERBATION OF ALLOXAN DIABETES IN MICE BY 
INJECTION OF TYPHOID VACCINE: ROLE OF THE 
ADRENAL GLAND 


Louis TosiAn, Jr., M.D., anp W. L. Jack Epwarps, M.D. 
Daas, TEXAS 


FNFECTIONS, as well as other forms of stress, cause the mammalian organism 
i to inerease the rate of adrenal cortex secretion. Evidence for this increased 
secretion in man includes (1) adrenal cortex hypertrophy,' (2) depletion of 
cholesterol in the adrenal cortex,’ 2 * (3) increased urinary excretion of steroids 
with adrenal cortical activity,* *»* and (4) decrease in the lymphocytes and 
eosinophiles in the peripheral blood.” ® 

Hypersecretion of the adrenal cortex, as seen in Cushing’s syndrome, is 
associated with a diabetic syndrome which is particularly resistant to insulin. 
Hyperglycemia and glycosuria can be induced in both man and animals by in- 
jection of purified pituitary corticotrophic hormone.® 1° ™ 11-oxycorticosteroids 
injected into normal force-fed rats have been shown to produce glycosuria." 
Administration of pituitary corticotrophin,’? adrenal cortical extract,’* or 11- 
oxyeorticosteroids® to diabetic rats greatly increases the glycosuria. Ingle has 
marshalled evidence that the glycosuria produced in rats by corticotrophie hor- 
mone or 11-oxysteroids is chiefly the result of a decreased utilization of glucose.” 

Colowick, Cori, and Slein have shown that adrenal cortical extract inhibits 
the hexokinase enzyme system of. diabetic rat muscle, but not that of normal 
rat muscle.1* Moreover, it is well known that this hexokinase reaction is one of 
the main determinants of the rate of glucose utilization. These findings sug- 
gested that the exacerbation of diabetes seen during infections and trauma might 
be due to an increased secretion of the adrenal cortex with a resulting decrease 
in glucose utilization. 

The following experiment was designed to investigate this possibility. 


METHODS 


Following a twelve-hour fast, albino mice weighing around 20 grams were 
given 275 mg. of alloxan per kilogram of body weight, subcutaneously. Food 
was placed in their cages three hours after the alloxan injection. The mice 
which survived the alloxan injection then were divided into two groups. The 
mice of Group I were adrenalectomized bilaterally, ten days after their alloxan 
injection. Following the adrenalectomy, each mouse in this group was given 
adrenal cortical extract (0.05 ¢.c. of Upjohn’s Lipo-Adrenal Cortex) subeu- 
taneously, at eleven-hour intervals all through the entire experiment. 

Group II consisted of mice whose adrenals were left intact. These mice 
received .05 ¢.c. of corn oil at eleven-hour intervals all through the entire ex- 
periment, corresponding to the injection of adrenal cortex extract in Group I. 

From the Department of Internal Medicine, Southwestern Medical College. 
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Twelve days after the mice in Group I had been adrenalectomized, the mice 
in both groups were fasted eight hours, and a blood sugar estimation was made 
on a 20 e.mm. sample of tail blood. 

Two, ten, and sixteen hours after blood had been drawn for the blood sugar 
determination, each mouse in both groups received, intraperitoneally, 250 million 
killed typhoid organisms suspended in 2 ¢.c. of 10 per cent dextrose in normal 
saline solution. Six hours after the last injection a 20 e.mm. tail blood sample 
again was drawn for a blood sugar estimation. No solid food was permitted 
between the blood sugar determinations, but water was available as desired 
throughout the experiment. The adrenal cortex extract (Upjohn) for Group I 
and the corn oil injections for Group II were continued as scheduled during 
the typhoid injections. Each fasting blood sugar was drawn five hours after an 
injection of either adrenal cortical extract or corn oil. 

Blood sugar concentration was determined by the Somogyi procedure.’® 
The reduced copper was determined with Nelson’s arsenomolybdate reagent.'® 
The final solutions were read in an Evelyn colorimeter (filter No. 660). Reagent 
blanks and glucose standards were run with each determination. Certain ad- 
ditional control studies, as indicated later, were also performed. 

In designing these experiments it was assumed that the level of the fasting 
blood sugar is a valid index of the severity of diabetes. Mice were considered 
diabetic if a fasting blood sugar was over 125 mg. per cent. Only mice that were 
actually diabetic were included in the experimental Groups I and II. 


RESULTS 


The percentage in each group of mice that showed an inerease in fasting 
blood glucose level after the completion of the typhoid injection is shown in 
Table I. It can be seen that there is no significant difference between the two 


groups. 


TABLE I. Errect oF TYPHOID VACCINE ON THE BLOOD SUGAR OF DIABETIC MICE 








NUMBER OF MICE IN 
GROUP SHOWING A RISE MICE SHOWING A RISE 
IN FASTING BLOOD IN FASTING BLOOD 
NUMBER OF MICE SUGAR AFTER TYPHOID SUGAR AFTER TYPHOID 
IN GROUP VACCINE VACCINE (PER CENT) 
Group I 13 10 77 
(Adrenalectomized 
Group II 17 13 76.5 
(Adrenals intact) 








In Table II, the milligrams per cent increase of blood sugar of each of the 
mice who showed a rise after typhoid is tabulated along with the average for 
each group. 

The results, when analyzed statistically, show that there is no significant 
difference between the increase in blood sugar of the two groups (P value = .8). 

Further control studies showed the following: 


1. That the injections of adrenal cortical extract, in the amount we used, 
did not raise the blood sugar to diabetic levels in adrenalectomized nondiabetic 
mice (see Table III). 
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TABLE II. RISES IN FASTING BLOOD SuGAR OF INDIVIDUAL DIABETIC MICE AFTER TYPHOID 

















INJECTIONS 
INCREASE IN MG. PER CENT INCREASE IN MG. PER CENT 
GROUP I GROUP II 
(ADRENALECTOMIZED) (ADRENALS INTACT) 
751 535 
589 353 
123 492 
491 47 
807 29 
412 500 
632 762 
353 117 
500 1177 
85 595 
535 
74 
591 
Mean 474 447 
Standard Deviation +288 +352 





TABLE III. Fasting BLoop SuGAR or INDIVIDUAL ADRENALECTOMIZED NONDIABETIC MICE 
RECEIVING ADRENAL CorTICAL ExtTRAcT (0.05 ¢.c. EVERY ELEVEN Hours) 








MG. % 


78 
70 
105 
102 
86 


Mean 88.2 











2. In normal nondiabetic mice the whole experimental procedure, including 
typhoid injections, resulted in either no change or only a slight rise (30 mg. 
per cent) in the fasting blood sugar. None of these normal mice exhibited the 
great blood sugar elevations seen in the diabetic mice receiving the typhoid in- 
jections (see Table IV). 


TABLE IV. CHANGES IN FASTING BLOOD SUGAR OF INDIVIDUAL NORMAL, NONDIABETIC MICE 
AFTER TYPHOID INJECTIONS 











MG. % 


+13 
- 8 
-18 
+18 
+22 
-27 








+, Indicates an increase in fasting blood sugar. 
-, Indicates a decrease in fasting blood sugar. 


3. When diabetic mice, either with or without intact adrenals, were put 
through all the experimental procedures except for the addition of typhoid 
vaccine to the dextrose in saline solutions, their fasting blood sugars at the end 
of the experiment were not significantly greater than their initial fasting blood 
sugars (see Table V). 
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TABLE V. CHANGES IN FASTING BLOOD SUGAR OF INDIVIDUAL DIABETIC MICE PuT THROUGH 
THE ENTIRE EXPERIMENTAL PROCEDURE EXCEPT FOR THE TYPHOID INJECTIONS 








ADRENALECTOMIZED MICE | MICE WITH INTACT ADRENALS 
MG. % CHANGE | MG. % CHANGE 


+30 +32 
+17 +4 
-32 22 
+38 +13 
- 8 -27 
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+, Indicates an increase in fasting blood sugar. 
-, Indicates a decrease in fasting blood sugar. 


DISCUSSION 

The experimental findings showed that adrenalectomized mice receiving a 
fixed daily amount of adrenal cortex extract exhibited as great a rise in fasting 
blood sugar after a course of typhoid injections as mice with intact adrenals. 
Since these adrenalectomized mice were ineapable of increasing their own 
adrenal hormone secretion, it is concluded that adrenal hypersecretion (either 
adrenal cortex or medulla) was probably not the cause of the elevation of blood 
sugar produced by typhoid vaccine injections in these diabetie mice. 


It is possible that accessory adrenal tissue had begun to function in these 
adrenalectomized mice, but they began receiving adrenal cortex extract im- 
mediately following adrenalectomy and hence had little stimulus for the growth 


of accessory adrerial tissue. Following the experiment, no more adrenal cortex 
extract was given, and all of the adrenalectomized mice died in a few days. If 
many had had significant amounts of accessory adrenal tissue, one would have 
expected more survivors. 

If one is justified in applying such experiments to the problem of infections 
in diabetic patients, it would appear that increased adrenal activity is not the 
cause of the aggravation of clinical diabetes by infections. 

It may be justifiable to speculate on other possible explanations of the 
exacerbation of diabetes with infections. 

It is possible that the anterior pituitary hormone which inhibits the hex- 
okinase reaction" is secreted in increased quantities during infections and stress, 
and that the hypersecretion of this hormone causes decreased glucose utilization 
and hence an exacerbation of diabetes. This possibility is supported by the 
observation that the anterior pituitary gland secretes an increased amount of 
another hormone, the corticotrophic hormone, in response to stress.” 

Kun'* has recently reported that meningococcal endotoxin causes in vitro 
a decrease in glucose utilization by rat muscle extracts, probably by inhibiting 
the hexokinase system. This inhibition of glucose utilization did not occur if 
Zn-free insulin was added to the reaction mixture. It may be that the endotoxins 
of various other types of bacteria cause an inhibition of the hexokinase system, 
with a resulting decrease of glucose utilization. 

In diabetes mellitus, glucose utilization for a given level of blood sugar is 
considerably decreased, and any mechanisms, such as the two mentioned, which 
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further impair glucose utilization will cause a marked exacerbation of the mani- 
festations of diabetes, such as hyperglycemia, glycosuria, and excessive mobiliza- 
tion of fat for energy metabolism. 


SUMMARY 


The exacerbation of diabetes in mice following typhoid injections is not 
caused by an increased secretion of either medullary or cortical hormones of the 
adrenal gland. If one is justified in applying this finding to comparable 
clinical situations, the exacerbation of clinical diabetes during infections prob- 
ably also is not caused by adrenal hypersecretion. 


We wish to thank Dr. E. Gifford Upjohn, of the Upjohn Company, Kalamazoo, Mich. 
for generously supplying us with Lipo-Adrenal Cortex (Upjohn). 
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HYPERGLYCEMIA AND GLUCOSURIA FOLLOWING THYROID 
ADMINISTRATION IN ALLOXAN TREATED RATS 


Davin W. Mouanoper, M.S., M.D.,* anp ARTHUR KirscHBAUM, M.D., PH.D. 
MINNEAPOLIS, MINN. 


HIPLEY and Rannefeld* showed that the glucose tolerances of rats which 
S received small repeated doses of alloxan were similar to those of diabetic 
animals. Histologic study of islet tissue in rats injected intravenously every 
other day four times with 20 mg. per kiligram doses of alloxan revealed ap- 
parently intact islets of Langerhans with the methods used.* Glucose tolerances 
in these animals were decreased. It was concluded that functional impairment 
of the beta cells may be caused by small repeated doses of alloxan. 

Animals with islet tissue functionally altered by alloxan were fed thyroid 
in this experiment to determine if histologic changes would take place. One 
group of rats was adrenalectomized to determine the influence of lowered blood 
sugar level on islet tissue in alloxanized-thyroid fed animals. 


MATERIALS AND METHODS 


Four groups of white albino rats of the same stock and age, weighing about 100 grams, 
and of mixed sex were used. Animals in the first three groups received four intravenous 
injections of alloxant (20 mg. per kilogram), one every other day. Group 4 animals were 
controls and did not receive alloxan. Fasting blood sugars in all animals were within 80 to 
120 mg. per cent using a modified Folin-Wu procedure.1 Glucose tolerances determined ten 
days after the last injection of alloxan were impaired in the first three groups. Group 4 
had normal glucose tolerances. Glucose tolerance tests were conducted by withdrawing a 
sixteen-hour fasting blood sample, injecting 0.5 Gm. per kilogram glucose intravenously in 
20 per cent solution, and drawing blood samples at one-half, one-, and two-hour intervals. 
Pancreatic biopsy revealed normal islet tissue with the methods used. Animals in Group 3 
were adrenalectomized and given 1 per cent saline to drink. Animals were then tube-fed 
powdered thyroid (Armour), 0.1 Gm. per kilogram in water, daily for one month. Body 
weights of the animals were followed. All animals were allowed to eat ad libitum a prepared 
dog biscuit. 

Following this treatment, twenty-four hour urine specimens were examined for glucose.}5 
Animals were placed in metabolism cages for forty-eight hours and tube-fed three times a 
day 8 c.c. of a diet containing 20 per cent protein, 76 per cent carbohydrate, 4 per cent fat, 
adequate salts and vitamins. Each cubic centimeter of diet contained 1.82 large calories per 
milliliter. This diet was a modified one of a type suggested by Dr. R. Reinecke, Department 
of Physiology. Glucose tolerances were also repeated. These procedures were done three 
weeks after the last dose of thyroid. All animals were sacrificed without starvation, at the 
same time, one month after the last thyroid feeding, and the pancreases were placed in 
Bouin’s fixative. The tissue was secticned at 4 microns. After staining with Heidenhain’s 
iron hematoxylin, every tenth section was examined and the number of alpha and beta cells 
counted and the size of the islet noted. 


From the Department of Anatomy, University of Minnesota Medical School. 
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RESULTS 


Glucosuria and fasting hyperglycemia occurred in animals that were fed 
thyroid following four small repeated doses of alloxan (Tables I, II, and III). 
These animals were observed for a month after termination of thyroid adminis- 
tration and the glucosuria remained. Microscopic examination of islets in these 
animals revealed a reduction in the number of beta cells (Table IV). In animals 
that received alloxan only and were followed for a comparable length of time, 
no spontaneous hyperglycemia occurred (Tables I and II). Glucose tolerance 
curves of normal rats, four dose alloxan animals (20 mg. per kilogram), and 
four dose alloxan animals which were fed thyroid in addition (0.1 Gm. per 
kilogram) are shown in Fig. 1. Islets in animals which received alloxan only 
appeared normal. Similarly, in animals which received only thyroid, no hyper- 
glycemia, glucosuria, nor histologic alteration of the islets appeared with the 
methods used (Tables I and IT). 

In the group that was adrenalectomized following alloxan and then fed 
thyroid, no clinical diabetes developed (Tables I, II, and III), nor were any 
changes in the islets noted. It would appear that a lowering of blood sugar 
might have been the protective mechanism in this group. 

In the alloxanized-thyroid fed animals which developed clinical diabetes, 
it would seem that the initial functional impairment of the beta cells by alloxan 
was essential if thyroid feeding produced hyperglycemia, glucosuria, and re- 
duction in the number of beta cells. 

Since the beta cells are centrally located within the rat islet, alpha cells 
being present only at the periphery, evaluation of beta versus alpha cell damage 
is unequivocal. The beta cells of the rat are larger than the alpha cells, and on 
the basis of size, position, and affinity of the beta cell granules for hematoxylin, 
counts of the cell types can be made readily on thin sections stained properly 
with iron hematoxylin and eosin. Identification of cell types was checked 
against Bouin-fixed material stained by the method of Gomori.? In the animals 
fed thyroid following the four small doses of alloxan, the islets were smaller 
(fewer beta cells) and the alpha cells were not confined to the periphery as in 
the case of islets from either untreated rats or animals which received only the 
four small doses of alloxan, or were fed thyroid with no other treatment, or were 
fed thyroid but were adrenalectomized following alloxan. 


TABLE I. HYPERGLYCEMIA AND GLUCOSURIA FOLLOWING ALLOXAN AND THYROID 








NUMBER OF 
ANIMALS TREATMENT | RESULTS 
Fasting hyperglycemia 
{ Alloxan : 

a} | Thyroid { Glacostria 

Reduced number of beta cells 
‘ Normal fasting blood sugar 
Thyroid No glucosuria 

Lo reduction in beta cells 





Adrenalectomy No glucosuria 
lo reduction in beta cells 
{xo gl fasting blood sugar 


{arena Pasting blood sugar 60-80 mg. % 


Thyroid 


No glucosuria 
No reduction in beta cells 


Alloxan 
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EFFECT OF THYROID ON GLUCOSE TOLERANCE 
CURVES IN ALLOXANIZED RATS 





ELL 


NORMAL CONTROL 
—-~—4 INJECTIONS OF ALLOXAN -(20MG./KILO.) 
secseese GINJECTIONS OF ALLOXAN (20MG/KILO.)+THYROID (1GM./KILO) 





BLOOD SUGAR MG.PERCENT 








TIME IN HOURS: 
FBS. Yo 


Fig. 1. 


TABLE II. BLoop GLUCOSE LEVELS BEFORE AND Two Hours AFTER INTRAVENOUS INJECTION 
OF 20 PER CENT GLUCOSE SOLUTION (0.5 GM./KG.) 








FASTING BLOOD FASTING BLOOD 
ANIMAL SUGAR 2 HR. LATER SUGAR 2 HR. LATER 





Alloxan, Before Thyroid Treatment Alloxan, After Thyroid Treatment 
105 145 132 156 
94 160 146 154 
88 156 138 163 
115 144 140 174 
118 180 164 192 
112 168 172 200 
96 150 138 156 
101 174 170 194 
90 162 184 220 
94 174 164 190 
114 160 156 188 


Alloxan, Before Adrenalectomy Adrenalectomized, After Thyroid 
112 138 64 88 
108 164 72 94 
96 158 68 90 
104 166 70 86 


Alloxan Only Alloxan Only, No Thyroid 
110 156 114 145 
118 160 94 174 
116 164 104 170 
104 174 100 164 


No Alloxan Thyroid Only 
100 94 96 100 
96 90 110 94 
114 118 92 110 
108 100 114 100 
110 86 116 101 
94 100 104 96 


NOCCOAN OOF CODE 


be 
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TABLE III. TWENTY-FOUR HOUR GLUCOSE EXCRETIONS OF RATS WHICH RECEIVED FOUR 
INTRAVENOUS INJECTIONS OF ALLOXAN (20 MG./KG.) FOLLOWED By THYROID 
(0.1 GM./Ke.) DAtILy ror ONE MONTH 








Animals 


Be 3 4 : 6 9 10 12 





Gm. per kg. per 24 hr. 


2.4 1.4 2.6 2.0 1.0 2.4 1.8 1.6 





TABLE IV. PERCENTAGE OF ALPHA AND BETA CELLS .PRESENT IN ISLETS oF RATS THAT 
RECEIVED .FoUR INTRAVENOUS INJECTIONS OF ALLOXAN (20 MG./KG.) AND THYROID DAILY 
FOR ONE MONTH (0.1 GM./KG.) COMPARED WITH THAT PRESENT IN ANIMALS THAT 
RECEIVED ONLY ALLOXAN, ONLY THYROID, AND THYROID AFTER ADRENALECTOMY 


FOLLOWING ALLOXAN 








GROUP 


| PERCENTAGE DISTRIBUTION 
| ALPHA CELLS BETA CELLS 








{ Alloxan 

l Thyroid 
Alloxan 
Thyreid 

; Alloxan 

-~ Adrenalectomy 

\ Thyroid 


70-90 30-10 


50 50 
50 50 


50 50 





COMPARATIVE 


BODY WEIGHT IN GRAMS 





THY ROID DISCONTINUED 


GROWTH CURVES 


$ {Norma RATS 
en. y {" INJECTIONS ALLOXAN GO MG/KG) 


I 
sccccere & 


THYROID (0.1G/KG) @.D.x30 
{rave OID (0.1G/KG.) QD. x 30 





20 


30 40 60 70 


NUMBER OF DAYS OF EXPERIMENT 


Fig. 2. 


Thyroid effect on body weight is seen in the comparative growth curves 
(Fig. 2). Animals which received only alloxan in small amounts gained in body 
weight at a rate similar to normal animals; however, the group that received 
thyroid in addition to alloxan was retarded (Fig. 2). Animals which received 
only thyroid for a month were transiently stunted in growth. 


SUMMARY 


Rats given four small doses of alloxan (20 mg. per kilogram) and then fed 
thyroid daily for one month (0.1 Gm. per kilogram) developed hyperglycemia 
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and glucosuria. Islets in these animals showed a reduction in the number of 
beta cells. Retarded growth occurred. 

Animals given alloxan but no thyroid and followed a similar length of time 
showed neither hyperglycemia nor glucosuria, and islet tissue appeared intact 
with the methods used. Growth retardation was not noted. 

Animals which received only thyroid for a similar period were retarded in 
growth, showed neither hyperglycemia nor glucosuria, and had normal-appear- 
ing islet tissue. 

The small group that was adrenalectomized following alloxan injection 
and then fed thyroid did not develop hyperglycemia, glucosuria, nor show any 
islet changes. Lower blood sugar level (reduced gluconeogenesis) following 
adrenalectomy may have been a factor in inhibiting beta cell damage. 

By functionally altering the beta cells with small repeated doses of alloxan 
and then feeding thyroid it was possible to detect the added metabolic strain 
of thyroid on islet tissue. 
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THE EXCRETION OF PENICILLIN IN HUMAN MILK 


R. Rozansxy, M.D., ano A. Brzezinsky, M.D. 
JERUSALEM, PALESTINE 


HE extensive literature dealing with the concentrations of penicillin in body 

tissues and fluids following intramuscular administration contains few refer- 
ences to the fate of penicillin in human milk. Seeley and co-workers' found no 
penicillin in bovine milk after injecting 500,000 units. Greene and associates? 
found a concentration of 0.015 to 0.06 unit per cubic centimeter in human milk 
after a single intramuscular injection of 100,000 units of penicillin. In view of 
the scarcity of the data, a study of the excretion of penicillin in human milk 
was undertaken. 

MATERIALS AND METHODS 


The concentration of penicillin was determined by the serial dilution method of 
Kolmer.3 Each series consisted of six tubes, with a final dilution of 1:32. One tenth of 
a cubic centimeter of a 1:1,000 dilution of a twenty-four hour bouillon culture of Staphy- 
lococcus aureus (Heatley strain) was added to 1 ¢.c. of the medium. 

Since the opacity of milk precluded observations on turbidity, we estimated growth 
inhibition with the aid of color indicators. Whereas methylene blue is suitable for the 
estimation of penicillin concentration in bovine milk, since the reduction of the dye and 
the coagulation of the milk yield a clear end point, in the case of human milk we found 
bromthymol blue to be a more suitable indicator. Human milk normally has a pH of 7.1 
to 7.6. Bromthymol blue changes color from blue to green at pH 6.6, and turns yellowish 
at pH 6.0. 

The indicator was made up as follows: Bromthymol blue, 1.0 Gm.; NaOH, N/10, 25 
c.c.; aqua destillata, 475 ¢.c.; 12 ¢.c. of indicator per 1 liter of medium, 

Whenever possible, the dilutions were made up with milk from the same donor. In 
a few cases, when only a small quantity of milk was obtainable, dilutions were made up 
with milk from another woman. Milk was taken before the injection of penicillin and 
was boiled for five minutes to ensure sterility. It was found that a 1:10 dilution of milk 
in normal saline could replace whole milk as a satisfactory diluent, without inhibiting the 
growth of the test organism. In consequence of this observation both whole milk and 
milk-saline were regularly employed as diluents in parallel series. 

We observed that when we added a few drops of 0.1N NaOH to the medium, we 
obtained clearer color distinction. The slight alkalinization enhances the blue color and 
at the same time promotes the growth of the staphylococcus. To test the reliability of 
the color changes, we inoculated agar slants from the dilution series and observed that all 
dilutions that had not turned green had remained sterile. Readings were made after 
twenty-four hour incubation at 37° C. The penicillin sensitivity of the test strain was 
examined with each experiment. The strain was sensitive to 0.03 unit per cubic centimeter 
and yielded the corresponding color changes. Milk in itself does not destroy the antibiotic 
activity of penicillin in vitro, since we found that solutions of penicillin in milk had the 
same antibiotic action as did corresponding solutions in normal saline, 

In a preliminary experiment to determine whether penicillin is excreted in milk, we 
examined the milk of a bitch weighing 18 kilograms, three days after whelping. A single 
intramuscular injection of 100,000 units diluted in 2 ¢.c. normal saline was given in the 
thigh. Milk was taken before the injection, and at intervals of one, two, and four hours 
after the injection. The sample taken before penicillin injection had no antibiotic activity, 
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whereas varying amounts of penicillin appeared following the injection (0.12 unit per 
cubic centimeter after one hour, and 0.24 unit per cubic centimeter after two and four 
hours). 

We studied penicillin concentration in human milk in the following manner: A single 
intramuscular injection of 200,000 to 600,000 units of penicillin (crystalline G, potassium 
salt) dissolved in normal saline was administered to thirteen women two to eight days 
after delivery. The injection was given as soon as the infant was taken from the breast. 
In one instance, four additional injections of 30,000 units each were given at three-hour 
intervals before and after the main injection of 400,000 units. Milk samples for the 
determination of penicillin concentrations were taken before the injection and one, two, 
four, and six hours after the injection. On three occasions, samples of milk taken nine 
hours after the injection were also examined. All samples were taken from the same 
breast. Before withdrawing the milk, the nipple and surrounding area were cleaned with 
iodine, washed with alcohol, and dried with a sterile towel. For purposes of comparison, 
a number of blood samples were also taken two and six hours following injection, In 
each case sterility tests of the milk were done, and contaminated samples were discarded. 
Control experiments were regularly carried out to prove that the milk taken before the 
injection of penicillin possessed no antibiotic properties. 


RESULTS AND DISCUSSION 


The results of the study are summarized in Table I. 


TABLE I. CONCENTRATION OF PENICILLIN (U./c.C.) IN MILK AND SERUM FOLLOWING 
INTRAMUSCULAR ADMINISTRATION 








HOURS AFTE NJECTION 
CASE DAYS cel nl Phnoiesoncc 


SERIAL| AFTER | DOSAGE 1 | . 4 6 9 
NO. |DELIVERY | (UNITS) | MILK | MILK |SERUM] MILK | MILK |SERUM] MILK REMARKS 
1 201,000 0.06 0.06 - — = ~ 
2 200,000 | >0.06) >0.06| >0.96) | - > 0.06) < 0.03} —- 
200,000 0.03) >0.06| 0.96} >0.06) >0.06|< 0.03) - 
200,000 0.36) — - 0.48] —- - - 
300,000 |<0.03|}<0.03) * 0.96) <0.03]/< 0.03) - < 0.03 
400,000 0.03) 0.06} 0.72) - >0.12)< 0.038) - 
500,000 0.06} 0.12] 0.72} 0.12} 0.12)}<0.03] - 
500,000 0.12} 0.24) - - 0.24; 0.12| 0.12 
500,000 0.12} 0.24) 1.92} 0.24) 0.12)/<c0.06) 0.06 
500,000 0.24] > 0.96] >0.96] >0.96] 0.24) - - 
600,000 | 0.12) = = 0.24) 0.24) - 
600,000 | = 0.24) - 0.36) 0.24) 0.48) - 
400,000 0.48} 0.48} - 0.48] >0.48]  - — |Eight additional 
injections of 
30,000 U. each 
every 3 hr. 
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>, More or equal; <, less than; —, not examined. 


As may be seen from the table, significant quantities of penicillin were 
found in the milk following intramuscular injection, in all but one of the eases 
studied (Case 5). Within one hour after injection, penicillin was found in 
appreciable quantities, the maximum concentration observed having been 0.36 
unit per cubie centimeter. Two hours after the injection, the level was in most 
‘ases twice as high as after one hour, and it was still rising steadily at four 


hours. This rise in concentration was observed in almost every instance. The - 


penicillin concentration began to fall six hours after injection, but remained as 
high as the one-hour level, or higher. Nine hours after injection, penicillin was 
still present in the milk of two of the three patients examined at this time. In 
Case 13, in which the patient had received injections of 30,000 units every three 
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hours, in addition to the main injection of 400,000 units, the level was main- 
tained at 0.48 unit per cubic centimeter throughout six hours. In Case 5, 
although the dose injected was large, and although the penicillin level in the 
serum was high (0.96 unit per cubic centimeter), no penicillin could be detected 
in the milk. 


Average Via Or Raicillin Eaals te oo Milk. 


Concentration 
of Penicillin, 


u/ce. 


0.3 e 
0.2 
en 

rf as 

al he 
lig 
ti 
~e 

9 / 2 3 4 5 6 + 3 9 


Hours After Injection. 


Fig: 1. 


The steady increase and persistence of penicillin in human milk during the 
first four hours after intramuscular injection, followed by subsequent gradual 
decrease, is clearly demonstrated in Fig. 1. 

As for the relationship between the levels of penicillin in serum and milk, 
we found that at the end of two hours the concentration of penicillin in the 
milk was 10 to 15 per cent of that in the serum. Subsequently the milk level 
remains constant or rises, while the blood level falls. In milk as in serum, no 
close relationship exists between the dose of penicillin injected and the level 
obtained, but in general higher penicillin levels were observed after larger doses. 
The results of this study explain the beneficial therapeutic effects of intramus- 
cularly injected penicillin on mastitis. The penicillin sensitivity of most peni- 
cillin susceptible strains of bacteria encountered in this country, as examined 
by Gurevitch,* lies within the range of the levels we have demonstrated in milk. 

Whether suckling milk containing penicillin can favorably affect oral infee- 
tions in the infant, caused by organisms sensitive to penicillin, is a question 
requiring investigation. 
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SUMMARY 


A study was made on the penicillin concentration in milk of thirteen women 
after intramuscular administration of the drug. Significant quantities of peni- 
cillin were found in the milk of twelve of these subjects. 

Penicillin was found in milk one hour after the injection. Up to four hours 
after the injection the level rose, followed by a gradual fall in the concentration. 

In two of three subjects examined, penicillin was still found nine hours after 
the injection, 


We are indebted to Dr. N. Grossowiez for his helpful advice. 
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BACTERIMETRIC STUDIES HI. BLOOD LEVEL STUDIES ON 
TEROPTERIN METABOLISM 


G. ToENNIES, Pu.D., AND D. L. GALLANT, A.B. 
- PHILADELPHIA, Pa. 


HIS work was undertaken because of the evident potentialities of terop- 

terin in cancer therapy.t. The approach is based on two premises: (a) the 
observed clinical effects of teropterin treatment seem to cover the whole 
range from apparent ineffectiveness, and possibly stimulatory tendencies, to 
genuine regressions of malignant growths, and (b) in view of what is known 
about individual variations in vitamin metabolism it seems possible that indi- 
vidual differences in the metabolic handling of teropterin play an important 
role in determining its clinical effectiveness. 

Because of available evidence? indicating rapid metabolic liberation of 
folacin (folic acid, pteroylglutamic acid) from teropterin (pteroyltriglutamic 
acid) and because of the presumptive procancerous activity of the former® it 
seemed desirable to determine the blood concentrations of these two com- 
pounds resulting from administration of teropterin. 


METHOD 


A simplified analytic method has been developed for this work which is 
based on the well-established differences‘ in the growth responses of Lacto- 
bacillus casei 7469 and Streptococcus faecalis 8043 (Str. lactis R) to the two 
compounds. The experimental procedure is briefly as follows. 

Blood samples of approximately 0.015 ¢.c. are taken from the finger tip in 
a Thoma leucocyte diluting pipette and after dilution with 20 volumes of water 
are placed in eapped vials and stored in a freezing compartment until they 
are analyzed. 

For the bacterimetriec determinations a single basal medium of low folie 
acid content is used for both organisms. This medium is based on the L. caset 
medium of Teply and Elvehjem,° differing from the latter in that vitamins 
(using pyridoxamine) and phosphates are present according to the specifica- 
tions of Roberts and Snell,® and in that casein hydrolysate and peptone are 
replaced by vitamin-free enzymatic casein hydrolysate* in an amount of 
0.12 ¢.e. per cubie centimeter of finished medium. Culture tubes and the pro- 
cedures of sterilization, inoculation, incubation, and photoelectric turbidity 
measurement are those described by us elsewhere,’ except that readings were 
taken at 675 mp and the tubes contained only 6 ¢.c. of solution. This volume 
is sufficient if the tubes are slightly raised in the Coleman cuvette carrier by 
means of a fixed support. 
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For purposes of convenience in measuring, calculating, and recording, the 
‘one trillionth part of a mol (1 x 10°” mol), called briefly 1 trillimol and ab- 
breviated 1 tM, has been adopted as a reference unit for the present work 
with the pteroyl compounds. It corresponds to 0.441 millimicrogram of 
pteroylglutamie acid or 0.699 millimicrogram of pteroyltriglutamie acid. 


Inocula of the two organisms are grown in a medium which contains, per 
liter, 20 Gm. Bacto-casitone, 5 Gm. Bacto-peptone, 20 Gm. anhydrous sodium 
acetate, 20 Gm. glucose, 2.5 Gm. each of KH,PO, and K,HPO,, 200 mg. 
MgSO,-7H.O, and 10 mg. each of NaCl, FeSO,-7H.O, and MnSO,-4H,0O. If 
this medium is inoculated from a culture of either organism freshly grown in 
the same medium, active inoculum cultures are obtained after approximately 
sixteen hours at 37 to 38°. The cells are washed once with water and diluted 
to an O. D. of 100.’ 

The standard series consist of single tubes containing 0, 0.15, 0.30, 0.45, 
0.60, 0.90, 1.20, and 1.50 tM folacin for L. casei and twice these quantities for 
Str. faecalis. Determinations performed under these conditions indicate a ratio 
of approximately 1 for the molar activities of folacin and teropterin for L. 
casei, and for Str. faecalis an activity of teropterin of approximately 2 per cent 
of that of folacin. In the actual determinations only folacin standards, for 
both organisms, have been run and, as a practical approximation, the L. caset 
results of the unknown have been considered as the measure of the sum of 
folacin and teropterin, and the Str. faecalis results as the measure of folacin. 

For analysis the original 1:21 blood dilutions are treated as follows. <A 
0.10 e.e. portion is further diluted with 9.4 ¢.e. of water. In order to minimize 
subsequent interference of turbidities arising from blood proteins, these dilu- 
tions are autoclaved at 120° for two and one-half minutes and, after cooling, 
centrifuged. For each blood specimen four assay tubes are then set up, con- 
taining 0.5 and 1.0 ¢.e. of the 1:2,000 dilutions for L. casei, and 1.5 and 3.0 e@.e. 
for Str. faecalis. Volumes are completed to 6 ¢.c. with inclusion of 3 e.e. of the 
basal medium. Because in some cases small residual turbidities remain after 
the preliminary autoclaving and centrifugation, initial optical density read- 
ings are taken on all tubes after the final sterilization. These readings are 
subtracted as blanks from the subsequent readings, taken after sixteen and 
twenty-two hours of incubation of the inoculated tubes at 37.7°. The practice 
of taking readings at two tinie levels, as well as two quantity levels, was 
adopted as an additional means of guarding against possible errors arising 
from unknown growth factors. 


RESULTS 


The results obtained so far are summarized in the seventeen charts of 
Fig. 1 (7 to 15) and Fig. 2 (16 and 17). The full lines show the blood eon- 
centrations found for folacin and the broken lines show the concentrations of 
teropterin. The units of the ordinate, which in all instances are drawn to 
the same seale, are trillimols per ecubie centimeter of blood. The abscissa units 
are hours. Except for charts 13, 16, and 17, their sealing is also uniform. The 
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Fig. 1.—Results of teropterin administration, as explained in text. Administration at 0 time. 
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Fig. 2.—Results of teropterin administration, as explained in text. Administrations at 0-, 8-, 
and 16-hour period. 


numbers-and-letters code shown above each graph characterizes the subject of 
the experiment, in the following manner: age, sex (M or F), normal (N) or 
cancerous (C), weight. Thus, 50 M N 152 indicates a normal man of age 50 
weighing 152 pounds. The initial concentration for both substances is in all 


vases Shown as zero. The actual normal levels found range from about 5 to 
50 tM for folacin. Although as a rule no teropterin was found, a few sub- 
jects showed a low initial teropterin activity. Pending further investigation 
of these observations, the initial levels have been ignored, since in view of 
their low values, compared with those resulting after administration of 
Teropterin, no serious error is introduced thereby. 

The injections were made intramuscularly in the upper arm. Blood 
samples were taken from the fingers of the opposite arm. For the 20 mg. ad- 
ministration the dry preparation was used, dissolved in 1 ¢.e. of saline for the 
injections. For the 10 mg. injections the solution commercially available in 
vials was used. 

Chart 7 shows the results of oral and chart 2 the results of intramuseular 
administration of 20 mg. teropterin in the same subject. Because the latter 
method yielded much higher teropterin levels, further studies by the oral route 
so far have not been made. Charts 3 to 6 show the results of 20 mg. injections in 
four additional normal subjects. Charts 7 to 11 show results obtained in five 
patients with cancer with 20 mg. injections. The thin lines in charts 9 and 11 
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indicate data obtained in later experiments with the same subjects (see charts 
16 and 17). Charts 12, 14, and 15 describe the results of 10 mg. injections on 
two normal subjects and one patient with cancer. The experiments described 
in charts 6 and 12 were done on the same subject. Because of the unusual 
nature of the delayed response encountered in the experiment of chart 12 
(which preceded that of chart 6) blood sampling was extended until twenty- 
two hours after injection in the experiment of chart 6. Both experiments are 
plotted together in chart 13. 

Charts 16 and 17 describe, for two patients with cancer who had been sub- 
jects of previous experiments (charts 9 and 11 respectively), the results of an 
experiment extending over forty-eight hours. During the first twenty-four 
hours three teropterin injections of 20 mg. each were given at eight-hour 
intervals (zero, eight, and sixteen hours). 

Preciston.—Prior to further discussion, the precision of the data shown in 
Figs. 1 and 2 should be indicated. A statistical summary of relevant results 
is given in Table I. 

Each entry in this table represents an average obtained from approx- 
imately 130 pairs of readings. As stated, each blood specimen was analyzed 
in two concentrations and each of the resulting individual tubes was read 
after two periods of growth. The resulting ‘‘quantity pairs’’ were always in 
a 1:2 ratio, and the ‘‘hour pairs’’ consist of readings taken after sixteen and 
twenty-two hours of growth. During this period the standards showed an 


average increase in optical density of about 40 per cent. The figures given 
in Table I represent trillimols per cubie centimeter of blood, i.e., the same units 
as are used in Figs. 1 and 2. ‘‘Average drift’’ means, for the hour pairs, the 


TABLE I 








HOUR PAIRS QUANTITY PAIRS 
AV. DIFFERENCE AV. DRIFT AV. DIFFERENCE AV. DRIFT 
(tM) (tM) (tM) (tM) 
L. casei 70 -20 90 +30 
Str. faecalis 50 +10 50 +20 











net difference between the averages of all twenty-two-hour and all sixteen-hour 
readings, and for the quantity pairs, the net difference between the averages 
resulting from all double and all single levels. Thus, the table shows that in 
the L. casei measurements the final figures resulting from the sixteen-hour and 
the twenty-two-hour readings differ in the average by 70 tM, and the value 
resulting from the later reading is, in the average, 20 tM lower than the result 
of the earlier reading. Further, the results of the single and double quantity 
samples differ in the average by 90 tM, and the value resulting from the larger 
sample is, in the average, 30 tM higher than the result of the smaller sample. 
Since the folacin values derive directly from the Str. faecalis readings, while 
the teropterin values result from the difference between the LZ. casei and the 
Str. faecalis readings, their error would in the average be somewhat larger than 
that of the folacin values. It is concluded from the statistical evidence that 
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by combining the results of the hour pairs and the quantity pairs into one 
‘single average, as has been done in Figs. 1 and 2, a reasonable compensation 
of errors is obtained and that the procedure as used is adequate to reveal the 
major trends in the blood picture resulting from administration of teropterin. 
Accessory Observations.—A few additional observations made in the course 
of this work warrant only brief mentioning. Any effects which meals may 
have on the folacin-teropterin picture of the blood appeared to be negligible 
in terms of the concentration levels resulting from administration of the pure 
compound.—Quantitative experiments showed that no significant changes re- 
sult from refrigerator storage of the primary, 1:21, blood dilution—aA pre- 
liminary study of normal folacin levels in the blood was made, involving 
six normal persons and six patients with cancer. The following results, in 
terms of trillimols per cubie centimeter of blood, were obtained: 5, 9, 9, 15, 
17, and 28, for the normal subjects, and 8, 9, 15, 25, 28, and 35 for the patients 
with cancer, In the same series the recovery of folacin added to the blood 
samples was also studied. While the evidence obtained indicates absence of 
major secondary effects of the blood in the folacin determinations, a more 
careful study of this angle seems desirable. Our values of 5 to 35 (median 17) 
tM per cubic centimeter of whole blood, obtained without any treatment ex- 
cept aqueous hemolysis, may be compared with the values obtained by 
Schweigert and Pearson’: 1 to 3 tM on oxalated blood without taka diastase 
treatment and an average of 86 tM on blood incubated with taka diastase. 
Denko and eco-workers’® obtained a range of 27 to 120 tM after taka diastase 
treatment. This comparison suggests that under our conditions some but not 
all of the bound folacin is set free. 


DISCUSSION 


The dominating effect of the administration of teropterin which emerges 
from the present observations is the rapid appearance of folacin in the blood 
stream. The folacin concentration appears to attain its maximum approx- 
imately two hours after injection. If the total circulatory distribution volume 
of the body is assumed to be 21 to 25 per cent of the body weight,® the peak 
values for the sum of teropterin and folacin in the individual subjects aver- 
age 62 or 74 per cent, respectively, of the theoretical concentration. At the 
observed peak periods (which may not be the precise actual peak periods) 
the relative shares of folacin and teropterin are, in the average, 71 and 29 per 
cent of the total. Six hours after injection an average of 27 per cent of the 
folacin present at the peak period is left, while the teropterin level at this 
time has declined to an average of 36 per cent of its value at the peak period. 
In the caleulation of these averages all injection experiments, except those 
shown in charts 6 and 12, have been used. These will be discussed below. 

In terms of the theoretical maximum, based on a distribution volume of 
25 per cent of the body weight, the percentage of the injected teropterin 
which six hours after injection is still accountable in the circulation, as 
teropterin or folacin, averages 22. On the basis of the urinary excretion 
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studies of Jukes, Franklin, Stokstad, and Boehne? one may anticipate a six- 
hour folacin excretion of 60 or 70 per cent of the total dose after admin- 
istration of 20 mg. of teropterin. Thus, within a margin of 10 or 20 per cent 
the total dose seems fairly well accounted for between circulation and ex- 
cretion. 

These are average figures. As is evident from inspection of Figs. 1 and 2, 
among the individual subjects the rise and decline of folacin concentration 
is relatively uniform in character, in comparison with the great individual 
differences encountered among the teropterin patterns. While folacin shows 
in practically all cases a pattern of steady decline after the initial rise, the 
primary decline following the postinjection peak of teropterin is in many 
eases followed by a secondary surge. Because of its occurrence in three- 
quarters of the cases considered, the secondary surge is thought to be more 
than a fortuitous result of combined errors. Furthermore, at the end of the 
short-term experiments (up to eight hours) the teropterin trend is upward in 
one-third of the cases while the folacin trend is always downward. The two 
forty-eight hour studies (charts 16 and 17) show, in further confirmation of 
the different character of the teropterin and folacin patterns, that the 
teropterin-to-folacin ratio tends to change from a value of less than 1, which 
is characteristic for the early postinjection periods, to a ratio larger than 
1 which is maintained for a considerable period after the last injection. 


Because there are equally good reasons for considering folacin an ad- 
juvant of malignant growth as there are for considering teropterin an an- 
tagonist, one may theorize that the teropterin-to-folacin ratio resulting from 
teropterin administration is “more important than the size or frequency of 
dosage per se. Accordingly, the conditions governing establishment and 
maintenance of a favorable ratio should be studied. The obvious differences 
in the rates of disappearance of the two compounds suggest a slower rate of 
excretion of teropterin and/or a process of storage or binding from which 
teropterin is gradually released. 

From a practical point of view, it would seem important to know if the 
response pattern of a subject is determined by stable individual metabolic 
characteristics or whether the response of the same individual varies sub- 
stantially and unpredictably from day to day. Among the present data there 
are a few bearing on this question. Charts 9 and 17 show two eases in which 
a second analysis was carried out on the same person after an interval of two 
weeks. In either case the second picture differs substantially from the first. 
Charts 6 and 12 show two experiments performed on another subject. In this 
ease the dosage levels differed and the interval was six days. The response 
picture of this person is particularly interesting because of the unusual delay 
in the attainment of the top levels for both folacin and teropterin, but par- 
ticularly the latter. As chart 13 shows, in which the data of charts 6 and 12 
are combined, this characteristic is in evidence in both experiments, despite 
other differences. 
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SUMMARY 


Studies, using LZ. casei and Str. faecalis, of the fate of pteroyltriglutamic 
acid in human subjects indicated that two hours after intramuscular injection 
approximately two-thirds of the dose (20 mg.) were present in the circulation. 
Of this total about two-thirds were present as the mono- and one-third as the 
triglutamate. Subsequently the concentration of the former seemed to decline 
more rapidly than that of the latter. Different individuals show considerable 
rariations from the average metabolic pattern. 


ADDENDUM 


Upon completion of this article a paper by Schweigert on metabolic observations after 
administration of pteroylglutamic acid and pteroyltriglutamic acid appeared.11 Despite 
differences in approach and methods, the findings of this work are similar to some of our 
results. In both investigations maximum blood levels were observed approximately two 
hours after injection, although the route was intramuscular in one case and intravenous in 
the other. However, in our study the maximum value obtained after two hours (average, 
about 1,400 tM; average weight of subject, 140 pounds) was more than twice as high as that 
of Schweigert, although the injected quantity of the triglutamic acid was essentially the same. 
As noted, our normal folic acid levels are also higher than those recorded by Schweigert. 
His tentative conclusion ‘‘that some of the injected triglutamate was not cleaved for as long 
as four to eight hours after injection’’ is fully confirmed by our evidence. 


The authors wish to thank Dr. Stanley P. Reimann for making available to them the 
patients who have cooperated in this study. They also wish to thank Lederle Laboratories, 
Inc., New York, N. Y., and Dr. Benjamin W. Carey of that organization for supplying the 


teropterin, 
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A STUDY OF SOME FACTORS INVOLVED IN THE COLORIMETRIC 
DETERMINATION OF CARONAMIDE 


HARVEY SHIELDS CoLuins, M.S., M.D., AND MAXWELL FINLAND, M.D. 
Boston, Mass. 


ARONAMIDE (4’-carboxyphenylmethanesulfonanilide) inhibits the renal 

excretion of penicillin and thereby enhances and prolongs the levels of 
that antibiotic in body fluids.t. A simple and accurate method for assay of 
Caronamide is desirable both to facilitate pharmacologic studies and to con- 
trol dosage. Ziegler and Sprague? described a colorimetric method which in- 
volves the use of Raney catalyst alloy (powdered Ni-Al) to cleave Caronamide 
and produce para-aminobenzoie acid (PABA) : 


NaOH =e 
< >CH.—SO,.NH < SCOOH —— H.N >COOH 
ae Ni-Al ———— 


The PABA is then determined by Eckert’s modification® of Bratton and 
Marshall’s method for sulfanilamide.t Ziegler and Sprague presented alter- 
nate methods applicable to blood serum, both of them depending on the re- 
action cited. One of these (their method II) involves preliminary deproteiniz- 
ing, while the other (method III), which is run upon serum directly, is stated 
to be less accurate but quicker and hence useful where a high degree of ac- 


curacy is not needed. In applying these methods to known amounts of 
Caronamide, certain details were found to affect significantly the amounts 
recovered. The findings are presented in this paper. 


MATERIALS AND METHODS 


Standard Solutions.—‘‘Primary standards’’ of PABA and Caronamide 
were prepared by dissolving 0.001161 mole in 20 ml. of 5 per cent NaOH and 
diluting the solutions up to 1 liter with water. These concentrations were 
chosen because they are each chemically equivalent to the primary sulfa- 
nilamide standard solution used in the Bratton and Marshall method. The 
primary standards were then diluted 1:10 and 1:20 with 5 per cent NaOH 
in order to bring the intensity of the color formed in the reaction within the 
optimal range for the spectrophotometrie readings. Such dilutions constituted 
the secondary or working standards, of which 5.0. ml. aliquots contained 
580 x 10°* or 290 x 10-° meq. These amounts, if present in 5.0 ml. of filtrate 
obtained by either method II or III of Ziegler and Sprague, would correspond 
to the presence of 15.9 and 7.9 mg. per cent of PABA, or 33.8 and 16.9 mg. 
per cent of Caronamide in the serum. 

Identical spectrophotometrie readings may be expected from equivalent 
amounts of PABA or Caronamide provided the liberation of PABA from 
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Caronamide is quantitative and no other substances are formed which in- 
fluence light absorption materially at 540 mp, the wave length at which the 
PABA was determined. The identity with the sulfanilamide standard sub- 
stantiated the basie path of the reaction and the derived calculations. 


Other Reagents.—These included pooled human serum or citrated plasma; 
Raney catalyst; n-octyl aleohol; 6N HCl; 90 per cent ethanol; 0.2 per 
cent sodium nitrite; 2.0 per cent ammonium sulfamate; and 0.1 per cent 
N-(1-naphthyl)-ethylenediamine dihydrochloride, the last three in aqueous 
solutions, freshly prepared. 

Apparatus.—Standardized pipettes and 50 and 100 ml. volumetric flasks 
were used. The 0.5 ml. samples were measured with Ostwald-Folin pipettes 
using a set time for drainage. Light absorption was determined with the 
Coleman Junior Spectrophotometer with the readings made at 540 milli- 
microns. The maximum absorption actually is close to 547 mp, but the dif- 
ference is of no significance due to the flatness of the absorption curve in this 
region. 

Procedures.—The recovery of PABA or Caronamide from mixtures con- 
taining known amounts was studied under varied conditions, each step in 
the determinations being carried out in duplicate. A battery of 50 ml. 
volumetric flasks was assembled and into each were pipetted 5.0 ml. of one of 
the secondary standards. To each flask were then added 2 drops of n-octyl 
aleohol to minimize foaming during the reaction, and, to one-half of the flasks, 
0.5 ml. of pooled normal human serum was added in order to observe the 
effects of serum on the determinations. Raney catalyst was then added in 
varied amounts, namely ‘‘0’’ (for PABA), 0.125, 0.25, 0.5, and 1.0 gram. 
The catalyst was added through a funnel slowly in order to avoid excessive 
heating and frothing.* The flasks then stood at room temperature (22 to 
27° ©.), except for occasional swirling, for two hours, twenty-four hours, or 
forty-eight hours, or they were heated in a bath of boiling water for one-half 
hour. 

After the mixtures were allowed to react for the desired periods they 
were diluted with water to 50 ml., shaken, and filtered through No. 42 What- 
man paper. Subsequent treatment was essentially as described by Ziegler and 
Sprague: a 5.0 ml. aliquot of filtrate was added to each of two matched 
cuvettes containing 0.5 ml. of 6N HCl; then 0.5 ml. of 0.2 per cent NaNO, 
solution was added to one tube of the pair and 0.5 ml. of water added to the 
other, the latter serving as a blank. Diazotization was allowed to proceed 
for five minutes before adding 0.5 ml. of 2 per cent ammonium sulfamate to 
both tubes and, after three minutes, 0.5 ml. of 0.1 per cent N-(1-Naphthyl)- 
ethylenediamine dihydrochloride was added to each tube. The color was then 
allowed to develop in a dark place for thirty minutes, after which the spectro- 


photometrie readings were made. 


*Heat is evolved when Raney catalyst is added to the reaction mixture which will be 
only slightly warmed, however, if the catalyst is added slowly, allowing several moments for 
the dissipation of heat between increments. “Room temperature” reactions, as used here, imply 
such conditions. 
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Additional studies were also made to determine the effects of citrate, 
Al**, and Ni** on the colorimetric determination and also whether PABA might 
be absorbed on the catalyst. 

Calculations—The amount of color produced was practically identical 
if equivalent amounts of PABA were run through the procedure with serum 
but without catalyst—either hot or cold or for a long or short time, Varia- 
tions from the mean were less than 0.2 per cent; accordingly the average of 
these determinations was chosen to represent 100 per cent completeness of the 
reaction. Equivalent amounts of PABA or Caronamide often gave less in- 
tense color in the presence of catalyst. In these instances the recovery was 
ealeulated from the ratio of the optical densities. Deviations from the mean 
of duplicate determinations were usually less than 1 per cent for either 
Caronamide or PABA provided the amount of catalyst was limited to 0.125 or 
0.25 gram. 

RESULTS 


It was found that the completeness of recovery of either Caronamide or 
PABA was affected by the duration of reaction, temperature, presence of 
serum, and amount of catalyst. The findings are summarized in Table I and 
part of them is shown graphically in Fig. 1. The analytical yield from the 
mixtures studied was superior when the amount of catalyst was limited to 
0.125 or 0.25 Gm.; this amount was sufficient for the complete cleavage of 
Caronamide. Serum enhanced the degree of recovery. In one instance in 


TABLE I. RECOVERY OF p-AMINOBENZOIC ACID AND CARONAMIDE 








REACTION MIXTURE* PABA RECOVERED FROM CARONAMIDE RECOVERED FROM 

5.0 ML. OF 5% NaOH AND: REACTION MIXTURE (%) REACTION MIXTURE (%) 
POOLED] RANEY PABA 
HUMAN| CATALYST OR HOURS AT ROOM 1/4, HR. IN HOURS AT ROOM 14, HR. IN 
SERUM] ADDED | CARONAMIDE TEMPERATURE BOILING TEMPERATURE BOILING 
(ML.) | (GM.) |(MEQ.x10-6)| 2 | 24 | 48 WATER 2 | 24 | 48 WATER 


0.5 0 580 100 100 100 0 0 
0.5 0.125 580 99 97 96 ‘ 94 98 
a5) 0.25 580 99 86 92 92 91 
0.5 580 88 68 75 ‘ (pu 76 
9) 580 85 53 53 49 72 
580 98 100 97 0 0 

580 96 83 90 86 92 
580 88 56 71 64 73 
580 72 37 49 48 53 
580 64 25 33 35 42 
290 100 — 106 0 0 
290 100 101 84 97 
290 94 91 94 72 85 
290 88 85 ‘ 5) 55 88 
290 5, — a 
290 69 47 : 22 82 
290 97 96 0 0 
290 89 86 91 72 86 
290 72 59 88 40 64 
290 55 25 48 52g 27 53 


290 46 11 37 48 11 39 


*Two drops of n-octyl alcohol added prior to addition of Raney catalyst. 
¢Starch present instead of serum, 
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NO SERUM [PABA] 


NO SERUM 


_| Room TEMPERATURE BOILING WATER 
2 Hours + Hour 





SERUM 


NO SERUM 


PER CENT RECOVERED 


) Room TEMPERATURE BOILING WATER 
2 Hours + Hour 











0.125 0.25 0.5 1.0 ° 0.125 0.28 0.8 1.0 
GRAMS OF RANEY CATALYST 











Fig. 1.—Recovery of p-aminobenzoic acid (PABA) or Caronamide under various conditions. 
(All determinations were made with 580 X 10-® meq. in the reaction mixture.) 
which starch was sustituted for serum, a ‘‘protective’’ effect was similarly 
observed. Optimum recoveries were obtained at room temperature and 

with catalytic contact for only two hours. 

Certain factors were found to be of little-or no importance: (1) the 
serum itself was not altered in the procedure so as to produce compounds 
absorbing light in the region 540 mp; (2) the presence of citrate had no effect ; 
(3) the pH and total acid of the filtrates prior to diazotization were constant 
regardless of the amount of catalyst; (4) Al*** in amounts greater than those 
which might accrue from the catalyst did not interfere with the colorimetric 
reaction and Ni* also had no effeet; (5) eaking of the catalyst when used in 
larger amounts was present variably but could not be correlated specifically 
with the results; and (6) the volume usurped by the catalyst was small and 
would in any ease cause an error tending to give falsely high recoveries in ex- 
periments involving large amounts of catalyst, which is contrary to the ob- 
servations. 

OBSERVATIONS ON SERUM OF A PATIENT RECEIVING CARONAMIDE 

Method IIT and method II of Ziegler and Sprague? and certain modifica- 
tions were applied to the serum of a patient who was receiving large doses of 
Caronamide. Aliquots of a 1:10 dilution of the patient’s serum in 5 per cent 
NaOH were used for a series of analyses and the amount of catalyst was varied 





AS 
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from 0.125 to 1.0 gram. Reactions were carried out at room temperature for 
two hours, or in a bath of boiling water for one-half hour. The resulting 
reaction mixtures correspond to those in Ziegler and Sprague’s method III, 
extended with respect to conditions of time, temperature, and amount of 
catalyst. Another factor, which at first sight might not be expected to affect 
the determination, was also varied; this was the total volume of the 1:10 
serum-NaOH. solution in contact with the catalyst. Studies were made using 
5 ml. of 5 per cent NaOH (which contained 0.5 ml. serum) in a reaction flask 
of 50 ml. volume, as had been done in the preceding section of this paper, and 
they were also carried out with 10 ml. of 5 per cent NaOH (which contained 
1.0 ml. serum) in a 100 ml. flask, essentially the volumes recommended by 
Ziegler and Sprague. 

In addition the serum was deproteinized with 90 per cent aleohol and 
filtered as in Ziegler and Sprague’s method II. <A 5.0 ml. aliquot of the aleo- 
holie filtrate, which represented a 1:10 dilution of the serum, was added to 
5.0 ml. of 5 per cent NaOH in a 50 ml. flask and carried through the procedure 
using various amounts of catalyst, either at room temperature or in a bath of 
boiling water. 

Results—The Caronamide concentrations obtained with this serum are 
shown in Table II. It would appear that the results obtained with method 
II and its modifications compared favorably with those obtained by Method 
III when the smaller volumes were used. It should be borne in mind, how- 
ever, that the former values may be as much as 10 per cent in excess of the 
true values beeause of the fact that during the filtration some alcohol is lost 
by evaporation and the solutions become correspondingly more concentrated. 
A more complete comparison of these methods should inelude the effect of 
serum added to the reaction mixture, but such a comparison is not possible 
because of the presence of the aleohol following deproteinization. 

Differences were observed in the analytical results when solutions were 
compared which had similar concentrations but differed in the ratio of volume 
of solution to the amount of catalyst. Presumably the reaction occurs at the 
surface of the catalyst, and its completion may be determined by a number of 
TABLE II. RESULTS OF CARONAMIDE DETERMINATIONS DONE BY THE METHODS OF ZIEGLER 


AND SPRAGUE2 AND MODIFICATIONS ON SERUM OBTAINED FROM A 
PATIENT RECEIVING THE DRUG 








METHOD II AND MODIFICA- 
TIONS, USING 0.5 ML. 
METHOD Ill AND MODIFICA- | METHOD III AND MODIFICA-| SERUM; DEPROTEINIZED 
TIONS, USING 0.5 ML. TIONS, USING 1.0 ML. WITH 5.0 ML. 90% ALCO- 
SERUM AND 5.0 ML. 5% | SERUM AND 10.0 ML. 5% | HOL AND ADDING 5.0 ML. 
AMOUNT NaOH IN 50 ML, FLASK NaOH IN 100 ML, FLASK | NaOH IN 50 ML, FLASKt 
OF ROOM BOILING ROOM BOILING ROOM. BOILING 
CATALYST |TEMPERATURE WATER TEMPERATURE WATER TEMPERATURE WATER 
(GM.) (2HR.) | (442 HR.) |; (2 HR.) (1% HR.) (2. HR.) (1% HR.) 




















0.1255 34* 3: 21 26 28 33 
0.25 35 ‘ 32 33 3] oo 
0.5 34 33 29 ar 32 
1.0 32 24 oo 28 32 30 
*All values are in milligrams per 100 milliliters. 
+Evaporation of alcohol during filtration and the resulting increase in the concentration 
ff the solutions may account for as much as 10 per cent of these values. 
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factors involving the surface area in addition to the concentrations in the 
overlying solution. Boiling serves to stir the mixtures, and it is possible that 
mixtures of larger volume at room temperature do not adequately mix when 
only 0.125 Gm. catalyst is added and gas evolution is curtailed. 

In these experiments, which employed serum from a patient receiving 
Caronamide, the results were not so clear-cut as those obtained with the use 
of standard solutions of the chemicals. This may be due to the presence of 
metabolic products of Caronamide. The method of Brodie, Levy, and Bern- 
stein,? which employs spectrophotometric measurements in the ultraviolet, 
was not used here. This method is said to determine Caronamide but not its 
metabolic products and its use may clarify some of the discrepancies. 


COMMENTS 


These studies confirm the usefulness of Raney catalyst alloy as a basis 
for the determination of Caronamide. It is desired only to emphasize some of 
the variables which may influence the reaction and the accuracy of the results. 


Eckert* has observed that PABA is not fully recoverable from mixtures 
containing a reducing agent. He noted that the loss of PABA could be nearly 
15 per cent in one hour when titanous chloride was present as a reducing 
agent, and that such mixtures, when heated in a bath of boiling water and 
then allowed to stand a few hours, sometimes yielded very low recoveries. 
Eckert also considered coprecipitation of PABA with protein to be a possible 


explanation but concluded that it was probably not significant since variation 
of the protein concentration over wide ranges had little effect. 

It was shown here that, in the presence of Raney catalyst, PABA was 
recoverable to varying degrees depending on the experimental circumstances. 
Whether this loss is due to the partial destruction of PABA, or to adsorption 
on the surface of the catalyst, is not certain. An attempt was made to leach 
the ‘‘lost’’ PABA from the catalyst, and this was unsuccessful. 

The failure to recover Caronamide in full may be due either to its re- 
lationship to PABA or to factors peculiar to Caronamide itself. Some of the 
possibilities which suggest themselves are: the formation of compounds other 
than PABA upon reduction; or adsorption of Caronamide itself; or eompet- 
ing rates of reduction, destruction and adsorption of the reagents. These 
details need clarification. 

It was shown here that the analytical recovery of PABA or Caronamide 
from known mixtures of these chemicals can be made better than 90 per cent. 
It is necessary only to limit the amount of catalyst employed, and to carry 
out the reaction at room temperature for a short time. The presence of serum 
enhanees the recovery. 

The mixtures employed corresponded in the total amounts and concentra- 
tions of PABA or Caronamide to those customarily produced during a routine 
analysis of serum samples from patients according to Ziegler and Sprague’s 
methods. When the method which was found to work best on the synthetic 
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mixtures was applied to the analysis of a serum sample from a patient receiv- 
ing Caronamide, the comparative results were somewhat less convincing. It 
appears, however, that the greatest yield was obtained when the reaction was 
carried out at room temperature and with the smaller amounts of catalyst 
in the smaller volume. 

On the basis of the present findings, the following modification of Ziegler 
and Sprague’s method for serum Caronamide determination is suggested : 


An accurate 0.5 ml. sample of serum is diluted with 5 ml. of 5 
per cent NaOH (or a 5 ml. aliquot of 1:10 serum-5 per cent NaOH 
solution is used); 2 drops of n-octyl aleohol are added, and then 
0.125 or 0.25 Gm. of the Raney catalyst. After standing two hours 
at room temperature, the mixture is diluted to 50 ml. with water, 
filtered, and conjugated in the usual fashion. 


Even small variations from the method as stated affect the determinations. 
Comparisons of one method with another, or with its modifications, should be 
evaluated with this in mind. 


SUMMARY 


1. The analytical method of Ziegler and Sprague for the colorimetric de- 
termination of Caronamide together with modifications has been used for 
‘ analysis of known solutions of Caronamide and para-aminobenzoie acid and 
for serum from a patient receiving Caronamide. 

2. The duration of the reaction, the temperature at which it is carried out, 
the amount of catalyst, and the presence of serum all were found to influence 
markedly the degree of recovery of Caronamide or para-aminobenzoie acid. 

3. Reeoveries were better in general when the reaction was carried out 
with serum present, at room temperature, for two hours and with a smaller 
amount of catalyst than has hitherto been recommended. 

4. A modification of Ziegler and Sprague’s method for serum Caronamide 
determination is suggested on the basis of these findings. 
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DIMETHYLETHER OF d-TUBOCURARINE IODIDE 
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AND K. K. CuHen, M.D., Pu.D. 
INDIANAPOLIS, IND. 


IMETHYLETHER of d-tubocurarine iodide is the reaction product of 

methyl iodide with d-tubocurarine in methanol potash. It involves the 
methylation of the two phenolic hydroxyl groups and an exchange of iodine 
for chlorine ions. The compound was first prepared by King.t Several in- 
vestigators** reported that the methylated compound was considerably more 
active than the natural alkaloid, d-tubocurarine. Stoelting, Graf, and Vieira’ 
found that in man dimethylether of d-tubocurarine iodide was highly effective 
in relaxing voluntary muscles during light anesthesia, and that the required 
dose was much smaller than that of d-tubocurarine. It thus becomes desirable 
to extend the pharmacologic studies with the methylated alkaloid in order to 
survey its full action and insure its safety for human use. 

The sample of dimethylether of d-tubocurarine iodide employed in the . 
present work was air-dried and in the form of trihydrate, melted at 267 to 
270° C. with decomposition, and had a specific rotation of [a@]j} + 150° in 
aqueous solution. The substance was easily soluble in water. <A stock solution 
of 1:1,000 was prepared, and suitable dilutions were made from it. Wherever 
possible, the drug was compared with d-tubocurarine chloride in the form of 
pentahydrate. 

1. Neuromuscular Action.—Dimethylether of d-tubocurarine was tested 
for its ecurarizing effect in the cat and rat. Certain suggestions of procedure 
were made by Professor G. H. Acheson, University of Cincinnati, based on Van 
Maanen’s publication.’ Briefly, after the animal was anesthetized with Seconal 
Sodium: (Lilly) (sodium propylmethylearbinylallyl barbiturie acid), the gas- 
trocnemius muscle was exposed, and the tendo ealeaneus (Achilles tendon) 
severed from its insertion. The sciatic nerve was isolated in the thigh and 
crushed at the site of emergence from the vertebral column. All its branches 
were cut except those supplying the gastrocnemius muscle. The skin was sewed 
together to prevent drying. 

For recording of contractions, a hook was inserted in the tendo caleaneus 
and fastened to an isotonic muscle lever. A shielded platinum electrode was 
placed on the sciatic nerve just distal to the point of crushing. In the rat, a 
single stimulus of 50 volts from a stimulator (Electrodyne) caused a maximal 
contraction. This could be repeated every two seconds in each animal for long 
periods of time. In the eat, it required shocks of 50 volts at a rate of fifty per 
second for two seconds to produce a maximal, smooth, sustained contraction. 
This could be repeated every thirty seconds in each eat for intervals of 


several hours. 


From the Lilly Research Laboratories, Eli Lilly & Company. 
Received for publication, Dec. 1, 1948. 
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After a control period of repeated stimulation, resulting in a series of 
uniform contractions, the methylated alkaloid was injected intravenously. 
Observations were continued until recovery occurred. In several animals, the 
injections were repeated from one to three times. The paralyzing action of the 
dimethylether is exactly the same as that of d-tubocurarine, differing only in 
degree. In six rats, the new alkaloid completely inhibited the contractions in 
the dose of 24 ng per kilogram, reduced the contractions by 76 to 91 per cent 
in the dose of 16 to 20 ug per kilogram, and by 28 to 72 per cent in the dose of 
14 wg per kilogram. The duration of action of all doses was approximately the 
same, averaging thirty-three minutes. With d-tubocurarine chloride in six 
other rats, complete inhibition of contractions occurred with a dose of 112 to 
128 peg per kilogram, and reductions to the extent of 24 to 28 per cent with a 
dose of 64 to 96 wg per kilogram. The average duration of action of these doses 
was thirty-five minutes. No effect was noted in smaller doses. Thus, as 
previously reported,’ the methylated alkaloid is much more potent than the 
natural alkaloid. 

Six eats receiving the dimethylether in doses ranging from 20 to 24 ng per 
kilogram showed a maximal reduction of 81 per cent in the amplitude of con- 
tractions. One of them died from the larger dose in eleven minutes. The 
average duration of action in the remaining five cats was sixty-two minutes. A 
dose of 10 pg per kilogram was ineffective. It was not possible to produce com- 
plete inhibition of contractions without causing death. In seven other eats, 


d-tubocurarine chloride in the dose of 100 to 174 ng per kilogram caused, on 
the average, a maximal reduction of contractions by 70 per cent. Two of the 
cats died of respiratory failure’ The average duration of action in the surviving 
animals was forty-three minutes. Fig. 1 contrasts the effeets of the two sub- 
stances. It appears that in the cat the methylated alkaloid is not only more 
potent than d-tubocurarine, but also longer acting. 


Garcia de Jalén® reported that d-tubocurarine chloride, quantitatively, 
antagonized the acetyleholine contracture of the frog’s rectus abdominis. <A 
similar study was made with dimethylether of d-tubocurarine in the present 
work. The rectus muscle of Rana pipiens was immersed in a volume of 10 ¢.c. of 
aerated Ringer’s solution, and its contractions were registered on a kymographie 
paper. Acetylcholine amounting to 5 pg was added to the bath every ten 
minutes and washed out twice each time at the end of the fifth minute. This re- 
sulted in a series of uniform maximal contractions. When various volumes of a 
0.0001 molar solution of the methylated alkaloid were placed in the bath one and 
one-half minutes before the scheduled doses of acetylcholine, the amplitude of 
contractions became reduced. The reduction of acetylcholine contractions was 
proportional to the amount of the drug superimposed. A comparison was made 
with d-tuboeurarine, also in 0.0001 molar solution, on the same muscle prepara- 
tions by alternating with the dimethylether. In a total of twenty-eight parallel 
observations, dimethylether of d-tuboeurarine was proved to be equally as 
active as d-tubocurarine. Apparently, mole for mole, d-tubocurarine and its 
dimethylether have the same power to inhibit the acetylcholine contraction of 
the frog’s rectus muscle. 
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Fig. 1.—Action of dimethylether of d-tubocurarine iodide and d-tubocurarine chloride on 
the gastrocnemius-sciatic nerve preparation. 


The tracings were made from a cat weighing 3.647 kilograms, anesthetized with Seconal 
Sodium (35 mg. per kilogram). The curves from top to bottom are: respiratory movements, 
gastrocnemius contractions, carotid blood pressure, baseline, and time in minutes. The sciatic 
nerve supplying the gastrocnemius muscle was stimulated every thirty seconds (see details 
in the text). Both alkaloids were injected intravenously. The time for full recovery of 
gastrocnemius contractions following dimethylether of d-tubocurarine iodide was 78 minutes, 
and that following d-tubocurarine chloride, 30 minutes. 


2. Assay in Rabbits.—Like d-tubocurarine, the dimethyl-ether produces a 
head drop of the rabbit by paralysis of the neck muscles. The response of this 
animal is so uniform that it ean be used advantageously for assaying purposes, 
as already advocated by Bennett and co-workers.’° By running a cross-over 
test in a group of thirty rabbits, dimethylether of d-tubocurarine iodide, injected 
intravenously, was found to be almost eight times as active as d-tubocurarine 
chloride, as measured by the median effective dose (ED;.). The rest period be- 
tween the days of injection was five days. The combined data are shown in 
Table I. Two separate, new lots of the dimethylether were assayed and found 
to have ED; ’s of 15.9 + 1.4 and 16.6 + 1.2 pg per kilogram, indicating the uni- 
formity of the product. 


Since a dose of 20 pg of dimethylether of d-tubocurarine iodide produced 


the same response as one of 150 ye of d-tubocurarine chloride, per kilogram (see 


Table I), a special cross-over test was earried out with the same doses in an- 
other group of twenty rabbits, for the comparison of onset and duration of 


TABLE I. COMPARISON OF POTENCY BY INTRAVENOUS INJECTION BETWEEN D-TUBOCURARINE 
AND ITS DIMETHYLETHER BY THE RABBIT CROSS-OVER TEST 








MEDIAN EFFECTIVE 


z DOSE + STANDARD 
DOSE NO. IN HEAD DROP ERROR 


ALKALOID (uG PER KG.) NO. USED (uG PER KG.) 
Dimethylether of d-tubo- 








15.0 4/10 15:8 + 0:8 
curarine iodide 17.5 7/10 
20.0 9/10 

d-Tubocurarine chloride ~~ 100.0 2/10 123.0 + 7.0 
125.0 4/10 
150.0 9/10 
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action. A stop watch was employed. With the methylated alkaloid, 20 pg per 
kilogram by vein, the average time required for the appearance of head drop was 
1.02 minutes, and that for restoration of the head position, 18.25 minutes. 
With d-tubocurarine, 150 pg per kilogram intravenously, it took an average of 
1.75 minutes for the head to drop, and an average of 13 minutes for the animal 
to raise the head again. It appears evident that in the rabbit the methylated 
alkaloid has a shorter onset, but a longer duration, of action than d-tubocurarine. 

3. Decurarization.—Burke and associates" recently reported the antidotal 
action of neostigmine against d-tubocurarine. In our work, neostigmine 
methylsulfate was found to have a limited value. For example, the median 
lethal dose (LD;0) of dimethylether of d-tubocurarine iodide in twenty-five 
rabbits by vein was 31.5 + 1 yg per kilogram. When neostigmine methylsulfate 
in the dose of 50 wg per kilogram was simultaneously injected, also by vein, the 
LDso of the methylated alkaloid in forty new rabbits was raised to 53.5 + 1.9 pg 
per kilogram. However, when the same dose of neostigmine was given three 
minutes after the injection of dimethylether of d-tubocurarine iodide, in a third 
group of fifteen rabbits, the LD;» of the latter became 38.1 + 4.6 ng per kilogram. 
In other words, the antidotal action of neostigmine rapidly diminishes after the 
methylated alkaloid has been administered. 

Further evidence was obtained regarding the narrow efficacy of neo- 
stigmine in six etherized dogs. The depression of respiratory amplitude and 
rate following small doses of dimethylether of d-tubocurarine iodide, 5 to 10 pe 
per kilogram, was easily removed by intravenous injection of neostigmine 
methylsulfate in the dose of 50 to 100 ne per kilogram. The latter, however, was 
only capable of delaying death-in the etherized dog if the dose of the curari- 
form alkaloid was increased to 20 ng per kilogram or more. 

The most effective measure to revive dogs from large and fatal doses of 
dimethylether of d-tubocurarine iodide was artificial respiration. It restored 
their respiration after neostigmine had failed. The work was repeated with 
equivalent doses of d-tubocurarine, and similar results were obtained. 


4, Synergism With Anesthetics—Of seven dogs anesthetized with ether, 
three died following intravenous injection of dimethylether of d-tubocurarine 
iodide in the dose of 20 to 25 we per kilogram, and four survived a dose of 4 
to 8 we per kilogram. Of five dogs anesthetized with pentobarbital sodium, 
three died with doses of 60 to 65 pg per kilogram, while the remaining two 
lived with smaller doses. No artificial respiration was applied to any of these 
animals. When the drug was injected intravenously into four nonanesthetized 
dogs, two on a dose of 75 ng per kilogram lived without artificial respiration, 
and one of the other two on a dose of 100 pg per kilogram lived with artificial 
respiration. It was also observed in two eats and two rats that a supple- 
mentary dose of a barbiturate equal to one tenth of the anesthetic dose, given 
during curarization by the dimethylether, was fatal to all of them. These results 
indicate very clearly that simultaneous administration of the fixed anesthetics 
and dimethylether of d-tubocurarine kills animals in smaller doses than when 
each is injected alone. 
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In a similar series of eight dogs, four anesthetized with ether and four with 
pentobarbital sodium, d-tubocurarine was lethal in smaller amounts to them 
than to nonanesthetized animals. Such a synergism is conceivable because when 
the respiratory center is depressed by the general anesthetics, the muscles of 
respiration tend to fail more readily with curarizing drugs such as d-tubocurar- 
ine and its dimethylether. 

5. Action on Respiration, Blood Pressure, Uterus, and Intestines.—In both 
the anesthetized cat and dog, sublethal doses of dimethylether of d-tubocurarine 
caused a transient decrease of respiration, both in amplitude and rate—the 
larger the dose, the more the decrease. The decrease in amplitude is clearly 
illustrated in Fig. 1. 

The response of blood pressure was not uniform, as shown in six cats and 
fourteen dogs. In general, doses of 5 to 10 pg per kilogram were without effect. 
Occasionally, doses of 20 to 24 ng per kilogram were followed by a rise of blood 
pressure, particularly in those animals in which the initial pressure was low. 
A terminal fall of pressure ending in death occurred with lethal doses—some- 
times preceded by a slight rise. 


The uterine activity of eight, post-partum, anesthetized rabbits was 
recorded through a, pulley. It was observed that dimethylether of d-tubo- 
curarine iodide in the dose of 10 to 20 pg per kilogram produced a slight to 
moderate increase, of uterine contractions in four animals, no effect in three, 


and questionable relaxation in one. 


Three observations were made on the skin-covered intestinal loops of two 
trained dogs, the operative technique of which was described by Wakim and 
Mason.'* Intravenous injection of the methylated alkaloid, 10 to 15 yg per 
kilogram, caused no changes in peristaltic movements. 

6. Toxicity—The median lethal doses of dimethylether of d-tubocurarine 
were determined by intravenous injection in the mouse, rat, guinea pig, and 
rabbit—eomparisons being made at the same time with d-tuboeurarine. Death 
was unquestionably due to respiratory failure, preceeded by asphyxial clonie 
convulsions. As shown in Table II, the methylated alkaloid is less toxie to the 
mouse, but more toxic to the rat, guinea pig, and rabbit, than d-tubocurarine. 


TABLE II. COMPARISON OF TOXICITY BY INTRAVENOUS INJECTION BETWEEN D-TUBOCURARINE 
AND Its DIMETHYLETHER 


|LDso & STANDARD 
DOSE RANGE | ERROR 
ALKALOID ANIMAL NUMBER USED (uG PER KG.) (uG PER KG.) 
Dimethylether of d-tubo- Mouse 60 180.0-330.0 238.0 + 13.0 — 
curarine iodide Rat 28 27.5- 50.0 34.5 + 1.7 
Guinea pig 22 50.0- 62.0 50.4 + 2.3 
Rabbit 27.5- 36.5 clo 2 1.0 


d-Tubocurarine chloride Mouse : 125.0-200.0 153.0 + 5.0 
Rat ; 80.0-125.0 109.0 + 5.0 
Guinea pig 62.0- 80.0 65.7 + 3.5 
Rabbit : 200.0-250.0 221.0 + 10.0 
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A group of eight rabbits were each injected intravenously with an ED; for 
head drop per day for two weeks, except Saturday and Sunday. The neck 
muscles of all animals were paralyzed with complete recovery, showing no 
development of tolerance. The day following the tenth dose, each rabbit was 
given a dose of 36.5 pg per kilogram. Six out of eight sueeumbed—further 
evidence of no tolerance. At necropsy, visceral organs, including the heart, 
lungs, liver, spleen, stomach, intestines, kidneys, thymus, and adrenal glands, 
were found normal, both grossly and microscopically. 


DISCUSSION 


From the foregoing data, which agree with those of Collier, Paris, and 
Woolf,® it is obvious that dimethylether of d-tubocurarine iodide, like its parent 
alkaloid, has a blocking effect on the motor end plate of striated muscles of the 
rat and eat. It reduces the contraction of the frog’s abdominal muscle induced 
by acetylcholine. According to Acheson,'* such a blocking agent ‘‘ prevents 
depolorization of acetylcholine by competitive inhibition.’’ Decurarization by 
neostigmine, limited in extent, is probably due to the protection from hydrolysis 
of the acetylcholine produced by the motor nerve. 

The remarkable feature of this product is that methylation of the two 
phenolic groups of d-tubocurarine, as shown below, results in an inerease of 
poteney close to eightfold, as measured by the rabbit head-drop method—con- 
firming approximately the results of Wintersteiner and Dutecher,? and Marsh 
and co-workers.* ® 


CH,O,7 ON /~ 
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d-Tubocurarine Chloride Dimethylether of d-Tubocurarine Iodide 


This is not due to the change of the molecular size, because the ratio between 
dimethylether of d-tubocurarine iodide and d-tubocurarine chloride is 1.2 to 1. 
In the rabbit and eat, the duration of action of the methylated alkaloid is sub- 
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stantially longer than that of d-tubocurarine. The English workers® also found 
the former longer acting in the rabbit than the natural alkaloid. They further 
observed that, in the rat, the dimethylether was completely excreted in urine, 
while d-tubocurarine was partially eliminated by the renal route. 

From a therapeutic point of view, dimethylether of d-tubocurarine iodide 
ean adequately replace d-tubocurarine chlorine in anesthesia, as already reported 
by Stoelting, Graf, and Vieira.’ Its longer action in equivalent doses is an 
advantage. Because of the synergism between anesthetics and curarizing agents, 
special caution must be exercised in the simultaneous administration of the two 
classes of drugs. In the treatment of an overdose of dimethylether of d-tubo- 
eurarine iodide, artificial respiration is far more reliable than neostigmine. 
This is also true with d-tubocurarine. 


SUMMARY 


1. Dimethylether of d-tubocurarine iodide inhibits electrically induced 
contractions of the gastrocnemius muscle of the rat and cat. It reduces the 
effect of acetylcholine on the frog’s rectus muscle. 

2. Compared with d-tubocurarine chloride, it is close to eight times as 
potent, the rabbit head-drop method being used. The duration of action is: 
longer with the methylated product in the rabbit and eat than with d-tubo- 
eurarine. 

3. The intravenous toxicity of dimethylether of d-tubocurarine iodide by a 
single injection in the mouse, rat, guinea pig, and rabbit, has been determined 
and compared with d-tubocurarine chloride. Repeated injections do not cause 
visceral damage. 

4. Like d-tubocurarine, the dimethylether is synergistic with ether and 
barbiturates. Artificial respiration is a superior antidote to neostigmine 
methylsulfate in the treatment of overdosage. This is also true with d-tubo- 
eurarine. 

5. The response of arterial blood pressure in the anesthetized cat or dog 
to sublethal doses of the dimethylether, injected intravenously, is not uniform— 
sometimes no change and other times a drop or a rise. A terminal fall of blood 
pressure occurs after lethal doses, secondary to respiratory failure. In the post- 
partum rabbit, the methylated alkaloid frequently contracts the uterus in situ. 
It has no action on the intestines of the trained dog. 

The authors are indebted to Miss Marian H. Ellaby, Dr. Paul N. Harris, and Messrs. 


Clarence E. Powell and Harold M. Worth for their invaluable assistance on various oc- 
easions. 
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HEREDITARY ANGIONEUROTIC EDEMA, WITH A CASE REPORT 


JoHN M. Suevpon, M.D.,* E. Oskar Scurerser, M.D.,t 
AND Ropert G. Lovett, M.D.¢ 
ANN ARBOR, MICH. 


| apenas edema is a condition which is alarming to the patient 
and baffling to the physician. First described by Milton’ in 1876 as ‘‘giant 
urticaria,’’ the malady usually is called Quincke’s edema after Heinrich Quin- 
cke,? the physician from Kiel. His paper in 1882 on ‘‘acute circumscribed 
edema’’ has been accepted by posterity. 

The majority of patients are consistent in their stubborn failure to respond 
to the usual methods of treatment, and probably not over 50 per cent of cases are 
solved in regard to etiology. Cooke*® states that when the mechanism is dis- 
covered, it frequently appears to be related to a current infection in some part 
of the body, while Cohen‘ suggests that many cases may be traced to drug sen- 
sitivity. There remains, however, that large group in whom the cause is a 
mystery. While the hereditary element in some cases of angioneurotic edema 
was recognized from the start, a family relationship is not the usual finding.’ 
Most attacks occur in individuals who have no family history of edema or ac- 
companying personal allergic manifestations. Lennon’ nevertheless called 
attention to ten patients, all women, in whom he found frequently associated 


histories of asthma, hay fever, or migraine, There is some uncertainty conecern- 
ing its neurotic origin, but the swelling frequently may be traced to neuro- 


pathie families.® 

We wish to consider the familial type eases which, although a smaller group, 
seem to have particularly severe symptoms and which are prone to develop glottic 
edema which often leads to death. The outstanding reported eases of hered- 
itary angioneurotie edema are well summarized by Bulloch,’ who reviewed the 
twenty-eight families described in the literature by 1909, and more recently by 
Cockayne’ and Cates. For convenience, some of the papers of interest will be 
reviewed here. Quincke’s original work,’ in which he reported the swelling 
in a man and two of his children, alerted later clinicians to the hereditary pos- 
sibility. Osler’s paper'® in 1888 outlined a family in which twenty two cases of 
angioneurotic edema progressed in a dominant manner through five generations 
with only one skip. Ensor' published findings in 1904 from a family in which 
twenty members were affected in four generations (twelve male members; eight 
female members). Of these, twelve died from suffocation during an attack. 
Five years later, Ensor had collected forty-nine cases (twenty-eight male pa- 
tients; twenty-one female patients), in six generations in which the heredity 
was following a dominant pattern, with one skip. Crowder and Crowder’ in 1917 
described twenty-eight cases (fourteen men; fourteen women) which passed 
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through five generations in a simple strict dominant fashion. There were fifteen 
deaths in this family due to glottie edema. In 1920 Cameron” cited eight cases 
in three generations in which three members died of suffocation. Dunlap and 
Lemon™ in 1929 pointed out eleven cases in which the inheritance was strictly 
dominant through four generations. Cockayne’ in 1933 collected the reports of 
thirty-nine families in which there were 257 cases of angioneurotic edema. Of 
these, twenty-four families were described completely enough for him to estimate 
that the proportion of affected to normal members was 182 involved to 206 un- 
involved. The sex ratio of those with the condition was about 1.5 men to 1 
woman. 
CASE REPORT 


The high incidence of death due to glottie edema is fair evidence of therapeutic failure, 
and the fact that the exact etiology and mechanism of congenital angioneurotic edema are 
still unknown justifies further case reports. Our case is taken from a family in which the 
hereditary form of angioneurotic edema was demonstrated in three and possibly six members 
of the family, and in which the trait was passed through the generations in a regular dominant 
pattern, The patient was a 24-year-old white man of Italian extraction and was first seen 
in the allergy clinic of the University Hospital on March 6, 1946. He gave a history of 
transient diffuse swellings which had occurred intermittently since the age of 7. The fre- 
quency of the attacks varied from once in three weeks to daily occurrence. Each bout lasted 
from one to three, days. Commonly the face, throat, arms, and legs were involved, but lesions 
also occasionally appeared on the trunk and genitalia. The swellings were described as fre- 
quently following a blow to the affected area, although trauma was not a necessary antecedent. 
The edematous areas were usually several inches in diameter, diffusely indurated, and ery- 
thematous. Subjectively there was described a sense of tension in the site involved. 

In the past there also had been episodes of gaseous abdominal distention and eructation, 
often associated with nausea and vomiting, and usually occurring after meals. He had 
experienced only the usual childhood diseases. There was no history of allergic rhinitis, 
asthma, or eczema. An appendectomy had been performed in March, 1943, presumably fol- 
lowing one of the gastrointestinal episodes. The family history was of interest as outlined in 
Fig. 1. 

When the patient was first seen in the allergy clinic, he demonstrated diffuse swelling of 
the left upper arm and of the right knee. The general physical examination revealed a 
well-developed and well-nourished young man. Blood pressure was 120/70, and pulse 60. A 
sebaceous cyst 0.5 by 1.0 em. was found behind the left ear. The anterior portion of the 
nasal septum was markedly deviated to the left, and moderate lymphoid hyperplasia was noted 
in the nasopharynx. The heart, lungs, and abdomen were normal. 

In April, 1946, study of the blood showed 13.3 Gm. of hemoglobin per 100 ¢.c.; 4,700,000 
red blood cells per cubic millimeter; and 9,800 white blood cells per cubic millimeter, with a 
differential count of 57 per cent neutrophiles, 2 per cent eosinophiles, 18 per cent small 
lymphocytes, 15 per cent large lymphocytes, and 8 per cent monocytes. The hematocrit was 
11.0; the mean corpuscular volume was 87; and the sedimentation rate was 8 mm. per hour 
(Wintrobe method). Examination of the urine showed no abnormality. A routine micro- 
fluorogram of the chest was read as normal, and the blood Kahn serologic reaction for syphilis 
was negative. A search for foci of infection during this time disclosed no evidence of in- 
fection of the mouth, pharynx, gall bladder, nasal accessory sinuses, or genitourinary tract. 

The patient was skin tested with 126 allergenic materials. The prick tests were entirely 
negative in reaction except for a questionable reaction to Endo house dust and caddis fly. On 
intradermal testing there was read a 4 plus reaction (wheal, pseudopod, and erythematous 
halo) to Endo house dust, stock house dust, caddis fly, and mugwort. A 3 plus reaction 
was recorded for orris root, corn smut, quince seed, burweed marsh elder, wormwood, poplar, 
willow, pepper, and barley. No correlation could be made between the clinical picture and the 
skin reactions. 
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Fig. 1.—The letters beneath the family members indicate the blood type. 


I-1, The patient’s father married at 20 and died at 39. During this time, his wife re- 
calls gastrointestinal attacks which incapacitated him for three-day periods and recurred at 
intervals of one to six months. No external swellings were noted during these nineteen years. 
He died.suddenly after an attack of profuse epistaxis, following a three-week illness during 
which he had very severe frontal head pains. 


I-2, The mother’s history is negative with respect to angioneurotic edema and allergy. 


II-1, Male child. Showed typical swellings since age 2. No gastric crises reported. One 
laryngeal attack which terminated fatally at age 19. No autopsy. 

II-2, Male child. Healthy and without noticed swellings. At age 14, developed an un- 
diagnosed abdominal illness and was operated on. Mother recalls that incision was in lower 
right quadrant. Death occurred three days after an accident in which drainage tube became 
dislodged. Findings at operation unknown. No autopsy. 


II-8, Female child. Healthy until age 5 months. At this time, began gasping. A physician 
was called and stated that something in the child’s milk caused the attack. Dyspnea was 
relieved throughout the rest of the day, but the child was found dead at 2 A.M. next morning. 
No autopsy. 

II-4, Female child. History of swellings since age 10. Sometimes preceded by prodro- 
mal rash. Recent gastrointestinal attacks. Has had a few mild laryngeal attacks. Has two 
children with no histories of swellings to date. 


II-6, Male child, age 28. History negative. Married, but without issue. 
II-7, Female child, age 26. History negative. Has one child, age 2. No swellings to date. 
II-9, The patient. History of swellings since age 7. Died at age 25, of laryngeal edema. 


II-10, Male child. Killed in action in Army service, age 20. Never exhibited swellings 
or gastrointestinal attacks to knowledge of family. 


From March 6 to April 22 five attacks of swelling occurred. An attempt to relate food 
or environmental factors to these episodes was futile. On April 18 the patient was placed on 
a 1,200 calorie synthetic diet of Aminonat* and cane sugar in water. After seven days on this 
diet, the patient again developed an attack of edema, so it was abandoned. Since it seemed 
that beta-dimethylaminoethyl benzhydryl ether hydrochloride (Benadryl) lessened the severity 
and duration of the attacks, the patient was observed for a period of time under medication 
with 50.0 mg. of Benadryl one, two, and three times daily by mouth. Ephedrine sulfate 24 mg. 
with each dose of Benadryl was given to counteract the sleepiness which the Benadryl pro- 
duced. From June until October he progressed quite well, except for mild attacks of edema 
occurring perhaps once a month. 

On October 12, at 11:30 P.M., the patient noted a feeling of tightness between the eyes. 
He took 100 mg. of Benadryl and fell asleep. He took an additional 50 mg. of Benadryl 
upon awakening six hours later since by that time his eyes were swollen almost shut. By 
midmorning the edema started to involve the neck. At noon, he was admitted to a local 
hospital because of laryngeal edema and ensuing dyspnea. He was placed in an oxygen tent 
and given hypodermic therapy, presumably epinephrine. By 1:30 A.M. on October 14 the 
climax was reached and following this there was slow recovery, and he was sent again to the 
University Hospital for further care. 


*Aminonat is prepared by the National Drug Company, Philadelphia, Pa. 
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Upon admission to the University Hospital, except for puffiness of the skin of the face 
and neck, the physical findings agreed with those recorded at his first visit to the outpatient 
clinic. Laboratory examinations showed a negative urine and blood, including a differential 
count. On the fourteenth day of hospitalization the white blood count, which was 11,000 
at admission, fell to 8,200, but on no occasion did the eosinophile count rise above three per 
cent. The admission temperature was 100° F., but following the initial reading, it did not 
rise above 99.2° F. The pulse ranged between 50 and 100, and respirations varied from 15 to 
25 during hospitalization. In the hospital the patient was treated symptomatically with an 
ice collar to the neck and was given pyridil-N’benzyl-N-dimethyl-ethylenediamine hydro- 
chloride (Pyribenzamine) 100 mg. every three hours by mouth. He continued to improve. 
On October 17, 0.2 mg. of histamine in 90 ¢.c. of glucose (5 per cent) was given as the 
initial dose of a course of intravenously administered histamine. The dose was progres- 
sively increased on successive days until on both October 28 and 29 he received 11 mg. 
of histamine phosphate (8 mg. of histamine base) intravenously. No untoward reactions were 
observed except for moderate flushing and headache, and occasional nausea and vomiting 
after treatment. The patient was discharged on October 30 without evidence of edema. He 
was advised on a program of hypodermic injections of histamine phosphate which were ad- 
ministered by his physician at home. It was also recommended that he be given Benadryl 
50 mg. and Pryibenzamine 50 mg. every four hours with the appearance of prodromal signs 
or symptoms of edema. 

Upon discharge the patient was kept on a peak dose of 0.2 @c. of 1:1,000 histamine 
acid phosphate, one to two times daily. During this treatment he noted no reaction. The 
series was stopped during the first week of December. After that he had four attacks be- 
tween December, 1946, and January, 1947, the last bout being so severe that he was hospital- 
ized. In February there occurred an additional episode which required hospitalization again 
in another city. He was given intravenous Benadryl in two 50 mg. doses and by the following 
morning the edema had subsided almost completely. He was supplied with an ampule 
of Benadryl and written instructions as to how it was to be used. This was of value on several 
subsequent occasions when the patient contacted a physician as soon as he felt an attack start- 
ing and obtained prompt relief from intravenous Benadryl. 

The day of the last attack, the patient appeared at the doctor’s office one hour after the 
onset of swelling. He noticed edema at the left side of his neck and began immediately to 
have difficulty talking and swallowing. He was also coughing and raising quantities of 
frothy mucus. Distress was severe, and noticeable edema of the entire neck soon developed. 
Respirations became labored, and getting air in appeared to be the chief difficulty. The 
patient was frightened and cyanotic. Ten cubic centimeters of Benadryl were given in- 
travenously (100 mg.), and he was hospitalized immediately. Benadryl (100 mg.) was repeated 
at thirty-minute intervals, but cyanosis increased and respiratory effort ceased as the process 
continued. 

Post-mortem examination was done by Dr. A. DeGroat of Kalamazoo, Michigan. Sig- 
nificant findings were extreme edema of the submucosa of the larynx, with moderate con- 
gestion of the lungs. The alveoli were filled with albuminous material, but no inflammatory 
changes were noted. The pathologic diagnosis was acute edema of the tissues of the neck 
and larynx with obstruction of the latter, with acute edema of the lungs. The other organs 
were normal except for generalized congestion. 


DISCUSSION 


Cockayne,° in his review of angioneurotic edema, states that there are two 
distinct hereditary forms of this condition: (A) that in which the typical, hard, 
circumscribed swellings alone are exhibited by each affected member, and (B) 
that form in which the angioneurotic edema appears to be only one manifestation 
of allergic disease. It is frequently replaced in some members of the family by 
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asthma, migraine, eczema, or urticaria. The edema encountered in the first 
group generally is more severe. It shows a more regular, nonskipping pattern 
of dominant inheritance and gives least evidence of being associated with a 
hypersensitive state, except for physical factors, such as heat, cold, and trauma. 
(iates® describes angioneurotic edema as a very irregular dominant condition 
as viewed by the geneticist. The inheritance, he feels, is not recessive, but 
rather is incompletely or irregularly dominant.'* Cockayne® suggests that the 
basic cause of the edema is protein hypersensitivity, particularly in patients with 
associated asthma and urticaria. Fineman’ looks upon the condition as nonal- 
lergic and proposes that it is caused by physical and emotional exciting agents. 
In our case we were unable to point to any allergic basis for precipitation of 
the attacks of edema. The findings in the family we are reporting lead us to 
believe that we are dealing with an example of a dominantly inherited classical 
form of Quincke’s edema. We previously instructed the two members (the 
patient and his sister, 77-9 and JI-4) that the disorder would be expected in half 
of their respective offspring. Onset of bouts of edema may occur at any age, but 
usually appear before the age of 20. In this family, ages at first attack were 2, 
10, and 7 years, respectively (JJ-1, IJ-4, II-9). Edema of the gastrointestinal 
tract is reported commonly and evidently occurred in the patient (//-9), his 
sister (J7-7), and his father (/-1). As to whether the father never experienced 
subcutaneous swellings, or whether these occurred in early life and later were 
replaced by abdominal attacks, we can only speculate, but both such clinical 
courses have been described in certain affected members of reported families. 
When encountered without previous history of external swellings, a localized 
angioneurotic edema of the abdominal viscera has been mistaken frequently for 
appendicitis, cholecystitis, and other acute illnesses, and it is possible that such 
may have been the explanation for J/-2’s operation. However, evidence for 
involvement of angioneurotie edema in this child and his sister (//-3) must be 
regarded as questionable. 

Brain and meningeal symptoms have been described in cases of angio- 
neurotic edema'® and this complication has been suspected of causing death 
in one member of Halsted’s'’? family, so there is basis for wondering if the 
cephalopathy described in our patient’s father (J-1) might not have been caused 
by cerebral edema. Epistaxis was a frequent finding in Ensor’s'’ family. But 
the most striking features of classical Quincke’s disease are as we have said, the 
severity of symptoms and the high proportion of deaths which result from 
edema of the larynx and glottis. In the family we studied, //-1 undoubtedly 
succumbed in this way, and it seems quite likely that JJ-3 did likewise. Proved 
cases of laryngeal angioneurotic edema in infants are recorded,'® !° and many 
suspicious cases are recounted in other published families. Cotterman?° has 
pointed out that of the 170 cases of Quincke’s disease contained in the twenty- 
eight families reviewed by Bulloch, fifty-three deaths are recorded, of which 
thirty-six or 68 per cent were attributed to edema of the larynx. The age at the 
time of suffocation is specified in twenty-four of these cases and the mean age 
is 34.4 years, with standard deviation 18.4 years. With such an early average 





EF AL RE RECN AMEN 


HEREDITARY ANGIONEUROTIC EDEMA 529 


age of death, it seems quite probable that some selection is operative against 
the gene for Quincke’s disease, and that the condition should tend to disappear. 
But the incidence of the disease seems to be holding steady, and therefore 
the supply of genes for Quincke’s disease must be replenished by the process 
of mutation. Consequently, Cotterman advances the thought-provoking ques- 
tion which was first suggested by Cockayne® which entertains the theory that 
a considerable proportion of the reported sporadic cases of angioneurotie edema 
may be the recipients of mutations and thus may constitute the potential start- 
ing members of new family lines of this disease. 

An interesting additional discovery in our patient’s family was another 
rare hereditary trait, namely blood group A,B. The study of this condition is 
continuing. 

SUMMARY 


Angioneurotic edema, or Quincke’s edema, usually is not hereditary, but 
there is a small group in which the condition is inherited and in which the trait 
is passed from one generation to the next in a dominant manner. This group 
experiences remarkably severe symptoms, and death is not unusual during an 
attack. <A case is presented from a family in which the edema definitely affected 
three and possibly three additional members of two generations. Treatment 
with histamine may have afforded some protection as long as it was administered, 
and Benadryl given intravenously as soon as symptoms began may have lessened 


the severity of attacks, but no measure was adequate in protecting the patient 
from a fatal attack of edema. At present we can only speculate about the ap- 
parently inherited flaw which permits the outpouring of edema fluid with no 
obvious provocation. 


The authors wish to acknowledge the extensive cooperation of Dr, C. A. Alexander of 
Kalamazoo for the follow-up on the patient’s history, and of Dr. Charles W. Cotterman of the 
University of Michigan Heredity Clinic for the genetics investigation of the family involved 
and for his many helpful suggestions. 
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FACTORS INFLUENCING THE PRODUCTION OF ANAPHYLAXIS 
IN GUINEA PIGS WITH WEAKLY ANTIGENIC PROTEIN 
HYDROLYSATES 


L. W. Roru, Pu.D., R. K. Ricuarps, M.D., aNp I. M. SHEPPERD, B.S. 
NortH CuHicaco, IL. 


NTRODUCTION of the concept of intravenous protein alimentation, during 

conditions in which the oral route is temporarily impractical or impossible, 
raised many questions in the field of applied and clinical physiology. One im- 
portant problem was the question of potential antigenicity of partially hydro- 
lyzed proteins. With the possibility of repeated and intermittent use of such 
materials in human beings, the elimination of all antigenic characteristics 
becomes important if not imperative, because of the unpredictable dangers of 
sensitization and anaphylaxis. 

Evidence is available in the literature’? to indicate that relatively small 
peptide aggregates may possess some degree of antigenicity. In the acid hy- 
drolysis of proteins, the occurrence of such molecular size is inevitable at some 
stage of the breakdown. In the ease of fibrin, which itself is antigenic,® * * the 
intermediate degradation products may be only weakly antigenic. The antigens, 
if present, can be specific entities and may not produce antibodies that cross 
react with the parent material, or vice versa. Such was observed in preliminary 
experiments attempting to test for the presence of antigens by employing an 
alkaline solution of fibrin either as the sensitizing or shocking agent and using 
an acid partial hydrolysate of fibrin as the corresponding material for shocking 
or sensitizing respectively. No anaphylactic symptoms were demonstrable, nor 
were positive results obtained in similar experiments using blood plasma and 
fibrin hydrolysate reciprocally. These results are similar to those obtained by 
Landsteiner with digested egg proteins,® 7 but differ from experiments with 
some enzymatic hydrolysates of sheep serum or casein in which the parent 
material or even skim milk may better be used for shocking animals in instances 
of anaphylactic sensitivity induced by an antigenic hydrolysate. The failure 
of fibrin to behave similarly made it necessary to use the hydrolysate itself when 
the latter was suspected of being antigenic. 

Since several techniques currently used in testing for antigenicity of protein 
hydrolysates uniformly yielded negative or very unsatisfactory results in the 
production of an anaphylactic state in guinea pigs, further experiments were 
conducted with a view to testing various procedures when a hydrolysate of 
known antigenicity was employed. In the experiments to be described, (unless 
otherwise specified) all were conducted with the same material, an acid partial 
hydrolysate (5 per cent solution) of beef fibrin containing 30 per cent free 
amino acid nitrogen, and all shocking doses were administered via the dorsal 
penile vein. 


From the Department of Pharmacology, Abbott Laboratories. 
Received for publication, Jan. 10, 1949. 
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The following methods were carried out: (a) One intraperitoneal injection 
‘of the 5 per cent solution containing the equivalent of 500 mg. (dry weight) 
of material was given to each of twelve animals. Three weeks later, the injection 
of a challenging dose containing 100 mg. of the same material failed to produce 
anaphylactic symptoms in any of the animals. (See Table I.) The unsatisfactory 
results attained by means of this simple but common procedure illustrate the 
difficulties involved in demonstrating antigenicity. 


TABLE I. EFFICACY OF VARIOUS METHODS FoR SENSITIZATION BY A WEEKLY ANTIGENIC 
PROTEIN HYDROLYSATE 








INCUBATION | NUMBER OF | ANAPHY- 

NUMBER OF AMOUNT* PERIODt ANIMALS LACTIC PER CENT 

INJECTIONS (MG.) (DAYS) TESTED REACTIONS SUCCESS 
Single injection 500 21 12 0 
3, at 2-day intervals 250 21 —«8 0 
3, at 5-day intervals 250 28 19 11 
6, at 2- to 3-day 200 31 92 64 

intervals 

1 (booster) ¢ 200 10 72 70 
1, alum ppt. 75 21 12 0 
1, alum ppt. 28 7 43 
1, alum ppt. : 3] 14 36 
1, alum ppt. 31 8 63 
1 (booster) 10 8 100 
*Dry weight basis. 
tAfter last injection. 
tGiven thirty-one days after last sensitizing dose. 
§Alum precipitate from 750 mg. 








TABLE II. INFLUENCE OF DEGREE OF HYDROLYSIS ON RELATIVE ANTIGENICITY 








ANAPHYLACTIC REACTIONS 
FREE AMINO PER CENT 
LOT ACID NITROGEN | TOTAL GUINEA POSITIVE 
NUMBER (PER CENT) | PIGS TESTED NEGATIVE | NONFATAL FATAL REACTIONS 
I 28 13 2 85 
II 35 15 an 27 
III 41 15 10 33 
IV 47 15 12 20 
V 55 11 11 n 














(b) Three intraperitoneal injections, each containing 200 to 250 mg. of 
material, were given at two-day intervals to eight animals. No anaphylactic 
results were obtained when the animals were challenged after three weeks 
(Table I). An oceasional, nonfatal reaction was observed, however, after four 
or six weeks. 

(c) Three intraperitoneal injections, each containing 250 mg. of material, 
were given at five-day intervals to nineteen animals. After four weeks, ana- 
phylactie reactions were demonstrable in only 11 per cent of the animals chal- 
lenged with 250 to 500 mg. of material (Table I). 

(d) Ultimately, a procedure was devised which produced satisfactory 
sensitization in a much higher percentage of the animals. Doses of 4 to 5 ee. 
of the solution (200 to 250 mg. of material) were injected intraperitoneally 
into healthy male guinea pigs (250 to 400 grams) six times during a two-week 
period. The animals then were not used for at least thirty to thirty-one days. 
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For shocking, each animal was challenged with doses of 3 to 12 ¢.e. (150 to 
600 mg.) of the sensitizing material, and it was found necessary to inject the 
test dose intravenously at a rate not less than 1 to 3 ¢.c. per minute. Injections 
of these volumes may be given readily via the dorsal penile vein, as this route 
permits the solution to be introduced at any desired rate, avoiding anesthesia, 
surgery, or the hazard of cardiac damage. (In some exploratory experiments, 
the duration of infusion via the penile vein was extended to thirty minutes or 
more, with volumes up to 25 e.c.) 

As mentioned, when the material was given at rates of 1 to 3 ¢.c. or more 
per minute, fatal anaphylaxis resulted in some animals, and various degrees of 
shock symptoms were exhibited in nonfatal cases (Table I). If, however, the 
same amount of material was infused at 0.25 to 0.5 ¢.c. per minute, the incidence 
of any symptoms was extremely low and fatalities never occurred. 

It should be noted that although volumes ranging from 3 to 12 ee. or 
more were given to different animals, the onset of anaphylaxis, as seen in retro- 
spect, invariably occurred with 3 ¢.c. or less if the injection rate remained 
constant. The larger amounts were given only to assure ourselves that the 
absence of anaphylactic symptoms was not due to insufficient material. There- 
fore, in later experiments 3 ¢.e. of solution were uniformly employed. 

When animals were tested after three to four weeks rather than after a 
full month, the percentage of reactions was diminished and the severity of those 
observed was less. From one group of twenty guinea pigs sensitized as usual, 
three animals were taken at random after twenty-eight days of incubation and 
given a challenging dose of the antigenic hydrolysate. Their reactions ranged 
from negative to only minimal symptoms. Two others tested three days later 
died of anaphylactic shock, and in subsequent tests twe thirds of the animals 
exhibited moderate to severe reactions. This noticeable change in apparent 
sensitivity in three days might be coincidental. However, it seemed expedient 
to set an arbitrary thirty- to thirty-one-day minimum incubation period, and 
subsequent results seemed to justify waiting the few additional days. 

Some variations in sensitivity were encountered in different groups given 
the same antigenic material, and certain animals (less than 20 per cent on the 
average) were relatively resistant to sensitization uncer any conditions, a 
variability noted repeatedly, but commonly not so distinetly as with our antigenic 
material. For the most part, however, sensitivity could be established by the 
procedure already detailed and it could be maintained or even increased by the 
intraperitoneal administration of a booster dose. The same amount as the 
single dose deseribed was given to any animals surviving a test procedure or 
remaining unused for a period of time. These animals could be used again for 
testing after eight to fourteen days. Some have been reused in this manner as 
often as twenty times, with no significant decrease in sensitivity. Adequate 
sensitivity of a group was established each time by selecting representatives at 
random and challenging them with minimal amounts of material (0.5 to 1.5 @.e.), 
sufficient to elicit anaphylactic symptoms without causing death, so that these 
pilot individuals might be saved for later use. 
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Table I summarizes the results of the various sensitizing schedules at- 
tempted. It will be noted that most of them employ a total of 500 to 750 mg. of 
material, whereas the successful technique just described exceeds 1 Gm. total 
solids. The alum precipitation method (to be discussed later) also showed as 
successful results only when a similarly larger amount of total solids was used. 

When guinea pigs were sensitized with solutions which had been hydrolyzed 
for longer times, the antigenic potency was progressively reduced, until a point 
was reached where sensitivity no longer could be demonstrated (see Table IT). 
This had been shown earlier in dogs by Sayhun and co-workers* with an acid 
hydrolysate of casein. With the fibrin hydrolysate, more than half of the nitro- 
gen was in the free amino acid form at this point, and the peptides still remain- 
ing apparently were essentially devoid of antigenic characteristics. 

If, however, other materials of approximately the same degree of hydrolysis, 
which by themselves were not found to be capable of sensitizing animals, were 
then used as the challenging dose for animals sensitized with the known anti- 
genic material mentioned, anaphylactic reactions were occasionally encountered. 
This might imply that the challenging material may contain substances which 
fail to produce antibodies, but which are capable of reacting with the antibodies 
of adequately sensitized animals. This interpretation is in accord with the 
findings of Landsteiner on the demonstration of anaphylaxis by resorcinol diazo 
dyes that are by themselves not able to induce sensitization. On the other hand, 
it is possible that if the animals were given the material a sufficient number of 
times, antibodies might be formed, although such a result could not be demon- 
strated with as many as nine injections of such material. 

With other similar materials it was sometimes possible to find no anaphy- 
lactic symptoms when the challenging dose of 3 to 6 ¢.c. was given at 2 to 3 ce. 
per minute, yet when other animals of the same group received the same amount 
of material at 6 ¢.c. per minute, anaphylactic reactions were occasionally elicited. 

Partial despeciation of the parent material was demonstrated repeatedly, 
as might be expected from such a hydrolytic procedure. Animals sensitized to 
a partial hydrolysate of beef fibrin would show anaphylactic reactions, ranging 
to fatal, when challerged with a partial hydrolysate of hog fibrin, and vice 
versa. However, some degree of specificity still remained, as was shown by 
sensitizing groups of animals with a mixture of beef and hog fibrin hydrolysates, 
each known to be antigenic. Occasionally, after challenging such animals with 
one of the sensitizing agents, and allowing for the disappearance of shock symp- 
toms, the injection of the other agent would elicit a second anaphylactic response, 
whereas animals receiving a second injection of the original agent showed no 
further symptoms. We interpreted the latter observation as sufficient evidence 
to rule out incomplete reactions. 

In all the experiments described, results were checked by the injection of 
the material under parallel conditions into nonsensitized animals. In no in- 
stance were any symptoms noted which in any way resembled the anaphylactic 
responses obtained in sensitized animals. Conversely, injection of nonantigenic 
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material into animals known to be sensitized to the antigenic hydrolysate like- 
wise elicited no anaphylactie effects. In fact, with either procedure usually 
nothing more was noted than would oceur with the injection of the same volume 
of physiologic saline given at a similar rate. 

More recently, the technique of alum precipitation to enhance antigenicity 
has been tried. To each 100 ec.c. of antigenic hydrolysate (a 5 per cent solution) 
30 ¢.e. of 10 per cent aqueous potassium alum were added and sufficient NaOH 
was used to adjust the pH to 7.0. After thirty minutes, with repeated agitation, 
the material was centrifuged. The supernatant solution was either employed 
to resuspend the precipitate or was discarded and more of the original hy- 
drolysate solution was used instead. Earlier groups received the precipitate 
intraperitoneally (with or without supernatant fluid) from material equivalent 
to 750 Gm. solids of parent hydrolysate. Later groups received an amount 
equivalent to 1 Gm. or more. Results have varied, with some groups showing 
a high proportion of sensitive animals, while other groups had a low incidence 
of sensitization. As can be seen in Table I,e, there appears to be some corre- 
lation with the amount of sensitizing material. 


Despite the reasonably comparable incidence of anaphylactic reactions in 
the alum-precipitate-sensitized animals, the resulting palpable masses of un- 
absorbed material that remained in the abdominal cavities of the guinea pigs 
rendered this method less desirable for our purposes, particularly inasmuch as 
we wished to use the animals repeatedly over long periods of time. In a few 
animals multiple adhesions and other evidence of irritation were noted; in one 
there appeared to be a sterile necrosis. On the other hand, several hundred 
animals have received the six-dose injections of unaltered hydrolysate, and none 
have been observed to develop pathologie changes in the abdomen. 


Separate tests on the precipitate (redissolved) and on the supernatant 
solution from the alum precipitate method on other sensitized animals revealed 
that antigenic properties were present in both. 

It is probable that the antigen of such protein hydrolysates is not a single 
entity, but its detection or isolation has not yet been accomplished. Saturated 
trichloracetic acid precipitation tests are not sufficiently sensitive, as anti- 
genicity exists when no precipitate is present. Ten per cent picric acid precipi- 
tation also fails to differentiate, as an antigenic solution may give either a posi- 
tive or negative test for precipitate. Saturation with ammonium sulfate still 
fails to provide complete correlation, since a material may show haze or _precipi- 
tation by this test and yet not be demonstrably antigenic. However, in our 
limited experience, in no ease was it possible to demonstrate antigenicity when 
haze or precipitation was absent. 


DISCUSSION 


Many other individual experiments, too numerous and scattered to deseribe 
here, serve to corroborate further the observations reported. It is apparent 
that three factors, each necessary but not sufficient, may be interdependent to 
determine the degree of sensitivity demonstrable with weakly antigenic protein 
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‘hydrolysates. The incubation period was the first to be suspected, and extend- 
ing it beyond four weeks brought about some increase in the incidence of shock 
symptoms. The three-week period usually used with strong antigens was uni- 
formly insufficient. 

The number of sensitizing injections is apparently important if the total 
mass of the antigenic moiety is a requisite in evoking antibody production. 
From our results it is not possible to state definitely whether the antigenic hy- 
drolysates contain a small amount of a potent antigen or a larger amount of a 
weak antigen. However, in the experiments with the alum-precipitated material 
showing antigenicity both in the precipitate and supernatant solution, the im- 
pression would be that we are dealing possibly with multiple antigenic materials, 
all of which are weak. 

The speed of injection, when varied over a tenfold range, can be shown to 
have a significant influence on anaphylactic symptoms, whether the antigen be 
weak or strong, provided that the proper range is chosen. This is probably a 
matter of controlling the rate of antigen-antibody combination with its release 
of histamine and/or other substances responsible for the anaphylactic symptoms. 
When all factors are operating ut their optimal level, sensitivity may be demon- 
strated more consistently, whereas a deficiency of any one of the factors will 
materially diminish the incidence of shock reactions. 

The evidence accumulated also emphasizes that the use of the converse 
procedure—namely, sensitizing with a hydrolysate to be tested for antigenicity 
and shocking with the known antigenic lot of digest—presents two possible 
shortcomings. The first is that some lots tried, as mentioned earlier, failed to 
sensitize animals and yet would produce shock in animals sensitized with the 
antigenic hydrolysate. This means that antigenic potentialities might be missed 
by this method. The second disadvantage is merely one of time, since the 
presence or absence of antigenic characteristics would not be known for at least 
six weeks, while the use of the technique described herein at length affords an 
immediate answer when a stock of animals sensitized to the antigenic product 
is continuously available. 


SUMMARY 


With weakly antigenic protein hydrolysates, at least three factors are im- 
portant to insure satisfactory demonstration of anaphylaxis in guinea pigs. 
These are: a larger number of sensitizing injections, providing a greater total 
amount of material; a prolonged incubation period of at least one month; and 
a rate of intravenous injection of about 2 ¢.c. per minute. 

Antigenic substanees produced from fibrin by acid hydrolysis may be par- 
tially despeciated and may not cross-react with the parent material. They also 
are destroyed ultimately by further hydrolysis, before the breakdown into amino 
acids is complete. 

Related materials from different species may have both common antigens 
and at the same time specific antigens. 

The authors wish to acknowledge with appreciation the suggestions and constructive 
criticism received from Dr. M. W. Chase during the course of these experiments. 
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STUDIES OF AGGLUTINATION AND INHIBITION 
IN TWO LEWIS ANTIBODIES 


O. J. BRENDEMOEN, M.D. 
Oso, NoRwAY 


EWIS antibodies originally were described by Mourant,’ who found two O 
‘e serums containing an identical antibody which agglutinated a previously 
unknown blood type. Both serums originated from women having borne chil- 
dren suspected of having erythroblastosis fetalis. In one case serum from the 
mother agglutinated cells from the child, whereas in the other case no agglutin- 
ation occurred. In one ease the woman’s serum agglutinated cells from the 
husband, Mr. Lewis; thus the name. In a series of ninty-six O blood specimens 
the Lewis agglutination was independent of the Rh, MN, P, Lutheran, and Kell 
types. Of the ninety-six O blood specimens, twenty-four were Lewis positive, 
one doubtful positive. A study of fifteen families showed that the Lewis type 
probably was a dominant hereditary quality, though this was not statistically 
proved. 

On the other hand Andresen? has studied the Lewis aggiutination in 500 
adults of which 21 per cent were Lewis positive. Testing of children showed 
that about 70 per cent of the infants were Lewis positive before the age of 6 
months. The incidence decreased with age to about 21 per cent as found in 
adults, and at the age of 1 year was about the same as in adults. According to 
Andresen the Lewis types of mothers and their children strongly indicated that 
the 21 per cent Lewis-positive adults represented homozygotes of a possible 
Lewis-positive gene (L’L’) ; furthermore that the about 70 per cent Lewis-posi- 
tive infants represented homozygotes and heterozygotes (L’L’ + Ll’), and that 


l’ would become dominant to L’ with increasing age. 


MATERIALS 


The present investigations are mainly based upon two serums, one of which 
(An) by Andresen has been characterized as identical with his own anti-Lewis 
serum, but weaker, and by Mourant as a potent Lewis antibody. The serum An 
originates from an A,MN rr patient, a bipara whose children were healthy at 
birth. The cells of the actual child, type A MN rr, Coombs negative, were not 
agglutinated by serum from the mother by any of the methods mentioned below. 

The other serum, Ness, originates from an A,M R,Rp» patient, a bipara 
whose children were healthy at birth. The husband was O MN R,Rp». His cells 
behaved in serum Ness and serum An as a slightly Lewis positive. 

Serum An had an anti-B titer of 2048, cold agglutinin titer of 2, Lewis 
antibody titer of 2 in saline medium, 8 in serum medium. 

Serum Ness had an anti-B titer of 1024, cold agglutinin titer of 4, Lewis 
antibody titer of 4 in saline medium, 8 in serum medium. 


From the State Institute of Public Health, Serodiagnostic Department. Chief: Otto 
Hartmann. 
Received for publication, Sept. 15, 1948. 
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Both anti-B titers were higher than the average, the cold agglutinin titers 
were average values in our hands. 

The Lewis antibody titers have been checked microscopically by Rh tech- 
nique against a 2 per cent suspension of Lewis-positive cells in saline and in 
serum medium respectively (serum from a Lewis-negative person). The ag- 
glutination was only slightly stronger at room temperature than at 37° C. Both 
antibodies gave negative reactions by Coombs’ test. Poor and unreliable reac- 
tions were obtained when albumin medium was used. 

Relationship of the Two Serums to O and H Antibodies—When the two 
serums were tested at +5° C., a panagglutination was seen due to the cold ag- 
glutinins. It could not be demonstrated that this agglutination was stronger in 
A, and O blood specimens compared with A, blood specimens. Neither after 
absorption of the serums with A,B cells could any cold agglutination against 
A, and O cells be demonstrated. 

After Morgan* the formerly named anti-O reagents may be subdivided into 
two groups: 


1. The group of H antibodies, consisting of the heteroantibodies Shigella- 
goat-immune and cattle anti-O reagents, and an unknown proportion of human 
anti-O reagents. The H anti-bodies are strongly active on O, A., and A,B cells, 
weaker and unreliably active on B, A,, and A,B cells. These antibodies are 
easily inhibited in human saliva independent of ABO genotype. 

2. The group of O antibodies of human origin, which agglutinate a product 
of the O gene in the cells. These antibodies are not inhibited by saliva. 

Four: anti-O reagents found in our laboratory in serums from pregnant 
women have, according to this very markedly different behaviour in saliva 
inhibition tests, been subdivided into two most probably H antibodies and two 
most probably O antibodies. These antibodies agglutinate cells from Ness in the 
following manner: 


Two O antibodies nonabsorbed : 

Two O antibodies absorbed with A,B cells: 

Two H antibodies nonabsorbed : (+) 
Two H antibodies absorbed with A,B cells: — 


Since cells from Ness are agglutinated by O and H antibodies, such anti- 
bodies cannot be present in her serum. 

Cells from An were not available for these tests. 

A,A, subdivision in the material below is performed with a potent. anti-A,, 
produced from an anti-A serum by absorption with A, cells. The Rh types are 
tested with Rh antibodies not containing Lewis antibodies. 


METHODS 


Besides the definitely positive reactions, doubtful reactions always were 
encountered in serum An at 37° C. and at room temperature by all methods 
employed (cells suspended in serum, citrated plasma, saline, dextrose-saline). 
Beeause of this fact, the following technique was used in a more extensive 
series: Cells from O and A clots (blood donors) about 24 hours old were 
suspended to about 1 per cent in saline, centrifuged, and resuspended to about 
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1 per cent in saline. One drop of the cell suspension and 1 drop of serum An 
(anti-B not absorbed) were mixed in a Rh tube, incubated for two hours at 
37° C., and read microscopically on slides. By this technique doubtful reactions 
generally were avoided. 

In a series of 285 nonrelated blood donors whose A,, A,, O, and sex dis- 
tribution were within normal limits, 21.75 per cent Lewis positive were found 
by this technique, independent of MN and Rh type, and in a smaller group also 
independent of P type. The agglutination, however, was not completely inde- 
pendent of A,, A., and O type, as shown in Table I. 


TABLE J 








NUMBER INVESTIGATED 





: 27.7% Lewis positive 36 

: 22.9% Lewis positive 109 

19.38% Lewis positive 140 

Total : 21.75% Lewis positive 285 








However, other techniques gave a higher frequency of Lewis positives. A 
series was tested at 37° C. in parallel with two different concentrations of cells: 
1 per cent washed suspension and 5 per cent unwashed suspension of cells. One 
drop of each concentration was incubated for two hours with 1 drop serum An 
and then read microscopically, any trace of agglutination being recorded as 
positive. The results obtained are shown in Table IT. 


TABLE II 





NUMBER 1% SUSPENSION 5% SUSPENSION 
10 ; + Termed strongly Lewis positive 
8 (+) Termed slightly Lewis positive 
29 - Termed Lewis negative 














The test gave the same results in cells from fresh citrated blood as in cells 
from clotted bleod stored for twenty-four hours. The same technique used at 
room temperature on the same series added some doubtful agglutinations in the 
5 per cent suspension, but not in the 1 per cent washed suspension. In slightly 
Lewis-positive blood specimens also Coombs’ test was negative. Absorption series 
consisting of a total of forty samples gave the results shown in Table III. 


TABLE III 





WITH 14 VOL. CELLS OF TYPE: 





STRONGLY LEWIS | SLIGHTLY LEWIS 
POSITIVE POSITIVE 


LEWIS NEGATIVE 





Absorbed serum tested at room 
temperature against 5% sus- 
pension of: 

Strongly Lewis positive cells + + 
Slightly Lewis positive cells as (+) 





Even serums absorbed with equal volume of slightly Lewis-positive cells 
agglutinated strongly Lewis-positive cells. However absorption tests with 
V2 volume of cells were not quite reliable as some of the strongly Lewis-positive 
blood specimens did not cause a complete absorption. The serums absorbed may 
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agglutinate slightly when tested against other strongly Lewis-positive blood 
specimens, ; 

Action on Cells From the Newborn (Blood Specimens From Umbilical 
Cords).—Our anti-Lewis serums have been found to agglutinate these blood 
specimens, but very slightly compared with blood from adults, which is econ- 
firmed by Andresen.* 

For a closer examination of serum An, inhibition tests in saliva were 
attempted. However, serum An obviously readily deteriorated in saline. Serum 
Ness was stable in saline. Serum An and serum Ness behaved in the same way 
at 37° C.; but not when a 5 per cent suspension of cells was used at room 
temperature. Serum Ness agglutinated weakly more samples than serum An at 
room temperature. 

Inhibition Technique With Serum Ness.—Samples of saliva, rapidly col- 
lected, were boiled for twenty-five minutes, centrifugated, and some of them 
stored frozen for some days. The saliva was diluted with saline (volumes of 
(0.2/1.8 ¢.e.) as shown in the following series: 

1 Y%o Yoo % ooo %“o.000 
One drop of each of these dilutions was mixed with 3 drops of serum Ness 
(anti-B not absorbed) in Rh tubes and incubated for ten minutes at room 
temperature. Two drops of each of these mixtures were then transferred to 
slides and mixed with 1 drop of a 1 per cent suspension of strongly Lewis- 
positive cells in saline. The slides were placed in a moist chamber at room 
temperature and read after thirty and sixty minutes. The following were used 
as controls: a 3 drops serum/1 drop saline mixture and a 3 drops serum/1 drop 
saliva mixture (undiluted saliva from female Lewis-negative Lewis antibody 
producers). The number of positive reactions was not larger after sixty minutes 
than after thirty minutes. 


TABLE IV. AGGLUTINATION INHIBITION TESTS IN SERUM NESS WITH SALIvA FROM 49 PERSONS, 
WHOSE CELLS ARE CLASSIFIED BY MEANS OF SERUM NESS AS STRONGLY LEWIS POSITIVE 
(LEwis +, 14 INpDivipuaLs), SLicHTLy LEWwis Positive (LEWIS (+), 3 INDIVIDUALS), AND 
LEWIS NEGATIVE (32 INDIVIDUALS) 
































SALIVA DILUTIONS SALIVA FROM 
LEWIS + LEWIS (+) | LEWIS NEG. 
NO INHIBITION PERSONS PERSONS PERSONS 
1:10,000 121000 3 
1:1,000 1:100 9 | 3 
1:100 1:10 2 2 11 
1:10 Undiluted i | 10 
No inhibition in undiluted saliva 8* 











*Three Lewis antibody producers. 


Lewis group specific inhibition in serums was investigated in fifty blood 
donors. The saliva inhibition had been studied in most of these eases. One drop 
of the serum to be investigated was mixed with 1 drop of serum Ness in an 
Rh tube, incubated for ten to fifteen minutes at room temperature, transferred 
to slides, and tested as in the saliva inhibition test. By this method the ag- 
glutination was inhibited only in serums from strongly Lewis-positive in- 
dividuals. 
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The serum inhibition was then titrated in the following manner. To a 
‘series containing increasing amounts of serum Ness in Rh tubes, 1 drop, 2 drops, 
3 drops and so on, was added 1 drop of the serum to be investigated. The same 
technique as outlined was used otherwise. Agglutination (no inhibition) varied 
from one ease to another from 3 to 7 drops of serum Ness. As an average, in- 
hibition oceurred by 3 volumes of antibody being added to 1 volume of serum, 
whereas 4 volumes of antibody to 1 volume of serum caused agglutination. There 
was no marked parallelism between saliva and serum inhibition in the same 
individuals. 

Relation to the B Group.—After absorption of anti-B in serum Ness with 
B Lewis-negative cells, three of sixteen B blood specimens were found Lewis 
positive, thirteen Lewis negative. 

Relation Between Cold Agglutination and Lewis Type—Serums obtained 
from ten donors containing cold agglutinins of medium strength were tested 
against panels of fifteen blood specimens of known Lewis type by the following 
technique: 1 drop of a 3 per cent suspension of cells was mixed with 2 drops of 
serum on slides and incubated at +5° C. for fifteen to thirty minutes. No rela- 
tionship could be traced between the Lewis type and the intensity of the cold 
agglutination. 

COMMENTS 

It is evident that the saliva of most persons termed Lewis negative contains 

Lewis-positive substances, which inhibit serum Ness. The simplest explanation 


to this may be as follows: Estimated by serum Ness, the erythrocytes of most 
individuals termed Lewis negative contain too small amounts of Lewis-positive 
substances to be traced by serum Ness. On the other hand, sufficient amounts of 
Lewis-positive substances will be present in the secretions of the same individuals. 
The phenomenon that inhibiting Lewis-positive substances can be traced in 
saline used for washing of strongly Lewis-positive cells, but not in saline used 
for washing of Lewis-negative cells from Lewis-positive seeretors, can be ex- 


plained in the same way. 
The deviation in A, A, O distribution as to the incidence of strongly Lewis- 
positive individuals is statistically nonsignificant. 


SUMMARY 
Two Lewis antibodies are studied. Among 285 individuals, 21.75 per cent 
were found Lewis positive. Inhibition phenomena in serums and saliva from 
about fifty individuals are examined. In serum inhibition tests, only Lewis- 
positive individuals presented a Lewis group specific inhibition in their serums. 
In saliva inhibition tests, forty-one of forty-nine saliva specimens presented a 
Lewis group specifie inhibition. 
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THE OCCURRENCE OF FALSE POSITIVE TRICHINA PRECIPITIN 
TESTS IN INFECTIOUS MONONUCLEOSIS 


FRANK A. BassENn, M.D., ANNis E. THomson, M.D., AND AARON SILVER, M.D. 
NEw York, N. Y. 


HE finding of a positive trichina precipitin test is not, in itself, sufficient to 

justify a diagnosis of trichinosis, but the fact that it often influences the. 
observer in favor of this diagnosis cannot be denied. It may generally be stated 
that when the test is made there is some clinical or laboratory evidence that 
makes this disease suspect. For this reason, a positive report may be con- 
sidered, in addition to other findings, sufficient to justify a diagnosis of 
trichinosis without resorting to further tests. In the final analysis, however, 
only a positive muscle biopsy justifies a positive diagnosis. It seems important, 
therefore, to report that in infectious mononucleosis, a disease notorious for its 
protean clinical manifestations, the trichina precipitin test has been found posi- 
tive in fairly high titers in several instances. In all these the test was ordered 
because, for one reason or another, trichinosis was considered as a_ possible 
diagnosis. The first two cases which are reported in detail indicate how easy it is 
to be misled when undue emphasis is placed on this test. 


CASE 1.— 

History.—A. H., a 21-year-old student nurse, was admitted to the Nurses’ Infirmary 
on Feb. 18, 1947, because of sore throat and malaise. Her temperature was 100.4° and the 
physical findings were limited to slight reddening of the pharynx and several palpable small 
anterior cervical glands. The spleen was not palpable and there was no rash. A provisional 
diagnosis of upper respiratory infection and possible infectious mononucleosis was made. 
The first blood count was reported as follows: hemoglobin, 81 per cent; red blood cells, 
4,200,000; white blood cells, 12,800; neutrophiles nonsegmented, 12 per cent, segmented, 44 
per cent; lymphocytes, 28 per cent; monocytes, 8 per cent; basophiles, 3 per cent; eosinophiles, 
7 per cent. There were no abnormal lymphocytes suggestive of infectious mononucleosis. 
Because of the eosinophilia, the count was repeated the next day and revealed 11 per cent 
eosinophiles. Further questioning revealed that the patient had eaten pork on several oc- 
casions within the preceding three weeks. There was no history of allergy. She had had 
scarlet fever at the age of 4 and rheumatic fever at the age of 9 without cardiae sequelae. 
At 16; the patient had pneumonia followed by empyema which did not require surgical 
drainage. She had lost about 15 pounds in the past three months and during this time she 
thought her eyelids were somewhat puffy on arising in the morning. A skin test with trich- 
inella antigen was performed the second day and was negative. Stool examinations were 
repeatedly negative for ova and parasites. On the third day in the Infirmary, the patient 
had a shaking chill with a sharp rise in temperature to 103°, associated with severe muscular 
pains, and was admitted to the hospital. 

Physical Examination.—The patient appeared acutely ill. There were a short hacking 
cough, a profuse postnasal drip, and a severely stuffed nose. The palpable anterior and 
posterior cervical glands noted on admission to the Infirmary were significantly increased 
in size. The heart and lungs were normal, The abdomen was soft. The spleen was not 
palpable.. There was marked tenderness of the calf but no other evidence to suggest throm- 
bophlebitis. No physical findings suggesting urinary tract infection were elicited. 


From The Medical Service, Beth Isracl Hospital and the Bureau of Laboratories, New 
York City Department of Health. 
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Laboratory Data,—X-ray of the chest was negative. X-rays of the sinuses revealed 
a slight increase in the density of the frontal and right ethmoid sinuses. Urine examinations 
were repeatedly negative except for the presence of acetone on two occasions when the 
patient was severely dehydrated after prolonged vomiting. Blood counts were taken at fre- 
quent intervals and persistently revealed an eosinophilia. Table I indicates the course of 
the shift in the white cells toward the lymphoid side. Urine and blood cultures were nega- 
tive. While still in the Infirmary, before she became acutely ill, a specimen of blood had 
been sent to the Bureau of Laboratories of the New York City Department of Health for 
a precipitin test for trichinosis. This was reported as positive in a dilution of 1:640. The 
test was repeated a week later and reported ‘‘serum excellent, test positive, dilution 1:640, 
clear cut.’’ 


TABLE I. CASE 1 








WHITE | LYMPII- EOSINO- 
BLOOD CELLS . OCYTES PHILES MONOCYTES 


12,800 47 26 7 8 
8,700 49 26 1 10 
6,900 48 31 6 
6,450 25 1 39 11 
7,400 46 27 
10,350 29 3$ 24 
9,400 46 28 
10,750 36 j 42 
Mar. 7,800 35 44 
: 8,450 4] of 
11,500 36 43 
11,300 20 3 59 
* (Cells typical of infectious mononucleosis found) 
6 8,100 21 13 
9,550 18 ci 
8 13,500 16 
10 16,700 7 
1] 18,800 17 
12 12,300 19 
13 15,800 21 
14 13,000 22 
15 12,400 35 
17 10,300 28 
18 10,800 36 
May 26 11,100 55 





—_ 
Set et SO Ob C1 © 


8 
6 
9 
5 
10 
14 
8 
7 


OF CW NDE NNO SH 
Neoooooqoococodco 
IWNQAQocodoKH AH Aare SO 





Course.—With the history of pork ingestion, fever, severe muscle pains, eosinophilia, 
and a positive precipitin test, it was felt that this was a case of trichinosis. The patient 
ran a very stormy course for six days with temperature fluctuating between 100° and 104°. 
During the second week the temperature slowly began to subside and reached normal during 
the third week where it remained to the time of discharge, five weeks after admission. During 
the height of the febrile period, the patient complained of marked anorexia, occasional 
vomiting, and severe muscle pains. On March 6, two weeks after acute onset, as the tempera- 
ture was approaching normal, the peripheral blood for the first time revealed abnormal 
lymphocytes typical of infectious mononucleosis, and the heterophile reaction was reported 
positive in a dilution of 1:400. Another specimen of blood was sent to the Department of 
Health Laboratories and this precipitin test was negative for trichinosis. Repeat heterophile 
reactions were reported as positive in dilutions of 1:400, and the peripheral blood showed 
abnormal lymphocytes on several occasions. The patient’s general condition rapidly improved 
after the third week and she was discharged in good condition. Two months later, the 
heterophile was weakly positive 1:100, and the blood count still revealed 7 per cent 
eosinophiles. 
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Comment.—This ease, in retrospect, seems fairly typical of infectious mon- 
onucleosis. Thé rather high eosinophile counts, however, sidetracked us and the 
positive trichina precipitin tests tended to lead us further astray. These findings 
and the additional corroborative evidence of pork ingestion spoke strongly for 
a diagnosis of trichinosis. The appearance, however, of the typical blood picture 
for infectious mononucleosis two weeks after the onset threw doubt on the 
validity of the positive trichina precipitin test. The strongly positive hetero- 
phile agglutination reaction left no doubt as to the correct diagnosis, but left 
the positive precipitin tests unexplained. Accordingly, the third test was made 
and was reported negative. 


CASE 2.—G. G. was a 33-year-old white man who consulted his physician April 1, 1948, 
because of severe pains in the chest, back, and neck. These pains were considered at the 
time as being muscular in origia. The physical examination was essentially negative. He 
was seen again four days later, at which time he had fever, sore throat, and chilly sensations. 
The physical examination was still completely negative. Because the fever could not be 
explained, blood was taken for the routine agglutination tests, and a trichina precipitin test 
was done because the pain in the chest was considered to be at the site of the insertions of 
the diaghragm and to be muscular in origin. Three days later all tests were reported 
negative except the trichina precipitin test which was positive in a dilution of 1:1,280. The 
heterophile antibody titer was 1:14. On April 10 a blood count was done to determine the 
presence of eosinophilia, and was reported as follows: white blood cells, 9,000; lymphocytes, 
66 per cent. No eosinophiles were present. The picture was reported as being suggestive of 
infectious mononucleosis. On April 12 a complete count was reported as follows: hemoglobin, 
92 per cent; red blood cells, 4,650,000; white blood cells, 9,300; neutrophiles nonsegmented, 
14 per cent, segmented, 15 per cent; lymphocytes, 58 per cent; atypical lymphocytes, 9 per 
cent; monocytes, 4 per cent. These counts were considered quite characteristic of infectious 
mononucleosis. As a result, the heterophile agglutination and trichina precipitin tests were 
repeated. On April 17 the heterophile ‘was reported strongly positive in a dilution of 1:1,792. 
At the same time, the precipitin test was positive in the same titer as reported previously, 
1:1,280. The same serum was sent to the National Health Institute at Bethesda, Md., for a 
complement fixation test for trichinosis. This was reported positive. A skin test done at 
the same time was negative. 

On April 16 the white count was 24,000 with 80 per cent lymphocytes, many of which 
were atypical. A sternal bone marrow aspiration was reported as showing no evidence of 
leucemia. On this date the patient appeared and felt quite well. At no time during the 
illness was there an adenopathy or splenomegaly. Trichinosis was considered briefly as the 
diagnosis and the positive precipitin test proved quite misleading. However, the early 
development of the characteristic blood picture indicated the true diagnosis. The patient 
was not seen again until June 2, 1948, at which time the heterophile agglutination test was 
still positive in a high titer but the trichina precipitin test was completely negative. He 
appeared and felt perfectly well. 


CASE 3.—Mrs. R. was a 34-year-old white medical research worker who, on Feb. 1, 1947, 
began to experience a sore throat, general malaise, and muscle pains. There was no adenop- 
athy or enlarged spleen. No blood studies were made, but on Feb. 20 the lymphocyte count 
was reported as 60 per cent. There was no note of a more detailed count. On Feb. 24 the 
heterophile agglutination test was reported positive as was also the trichinosis precipitin test. 
The precipitin test was negative on March 7, but the heterophile was still positive. The 
patient made a rapid, uneventful recovery. 


CasE 4.—I. Z. was a 19-year-old, white stenographer who was admitted to the wards of 
Long Island Medical College, Feb. 20, 1947. She gave a history of fatigue and sore throat. 
The throat had a whitish membrane. She received diphtheria antitoxin and penicillin, She 
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. appeared acutely ill and had a temperature of 104.0°. There was generalized lymphadenop- 
athy, but the spleen was not palpable. The blood count on admission revealed a white count 
of 8,700; polys, 66 per cent; eosinophiles, 6 per cent; lymphocytes, 22 per cent; monocytes, 
5 per cent; plasma, 1 per cent. Two days later the lymphocytes were 42 per cent, with many 
atypical forms. The eosinophilia remained at 6 per cent. The heterophile was positive at 
this time, as was also the precipitin test. The titers and dates of tests may be seen in 
Table II. The patient was discharged March 6, 1947, quite well. There seems no doubt 
that the patient had infectious mononucleosis. It might be mentioned here that she was 
Jewish and observed the dietary laws. To her knowledge she had never in her life eaten pork. 


TABLE ITI 








DATE -HETEROPHILE PRECIPITIN 
2/18/47 1-640 
2/25/47 1-640 
3/ 6/47 i 1-400 Neg. 
4/ 8/48 2 14-14-0 1,280 
4/15/48 1,792-896-0 1,280 
6/ 1/48 896-448-0 Neg. 
2/24/47 224-112-0 640 
3/ 7/47 112-56-0 Neg. 
2/21/47 448-224-28 1,280 
2/27/47 896-448-0 1,280 
3/ 4/47 896-448-0 640 (faint) 
4/11/47 896-448-0 1,280 
All heterophile and trichina precipitin tests with the exception of the heterophiles in the 
first case were performed by the New York City Department of Health. 
The three figures in the heterophile reports indicate unabsorbed serum, guinea pig kidney 
absorbed, and beef red cells absorbed. 
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CASE 5.—M. C. was a white, 21-year-old, male machinist who was admitted to the wards 
of the Long Island Medical College March 30, 1947. He gave a history of shaking chills ten 
days before admission. He had general malaise, muscle pains, and sore throat. He was given 
penicillin without effect. He appeared only moderately ill, but had a temperature of 103° 
on admission. There were enlarged posterior cervical glands and the spleen was one finger- 
breadth below the costal margin. The white blood count was 5,900, with 46 per cent 
lymphocytes. Lymphocyte percentage rates went to 60 per cent with many atypical forms. 
On April 11 a heterophile agglutination test and a trichina precipitin test were done. Both 
were reported positive in high titers. The patient was discharged April 19 feeling perfectly 
well, with a final diagnosis of infectious mononucleosis. Unfortunately, no further serologic 


studies were made. 


DISCUSSION 


Bernstein,’ in his very complete monograph of infectious mononucleosis, 


discusses false serum reactions in this disease. He does not, however, mention 
the finding of positive trichina precipitin tests in any of his eases. A review of 
the literature since this monograph revealed no report of this unusual finding. 
Bernstein pointed out that the serum substances giving false positive Wasser- 
mann reactions are probably in no way associated with the sheep cell agglutina- 
tion reaction. In his own series of cases, he found that the false positive tests 
for syphilis often appeared before the heterophile reactions became positive. 
This dissociation appears also to be true in some of our cases where the precipitin 
tests beeame negative when the heterophile antibody titers were still high. 

The trichina precipitin test as performed in the Bureau of Laboratories of 
the New York City Health Department follows the dicta laid down by the 
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National Institute of Health, Bethesda, Md. The antigen is carefully prepared 
and subjected to a long process of purification. The sera to be examined are 
cleared of all turbidity by rapid centrifugation in a refrigerated centrifuge. 
Dilutions from 1-80 to 1-1,280 are set up, and readings of 1-160 and up are 
considered presumptive evidence of trichinosis provided there is a clinical 
history, recent or dating up to three years back. Readings, of course, may go 
very much higher. The value of this test is the subject of much controversy. 
Augustine? considered it remarkably specifie and had false positive reactions 
only when patients were taking quinine or arsenicals. It is fairly well recog- 
nized now, however, that false positive reactions may occur, as in periarteritis, 
and it has been noted to be positive at times in parasitic infections other than 
trichinosis. Recent reports by Frisch and co-workers* and Roth* indicate that 
the test is of little value and even when positive is too late to be of much diag- 
nostic help. It is generally true that the test does not become positive until 
about four weeks after infestation, and this should be borne in mind, but in 
severe cases it may on occasion become positive in a matter of days. 

It is not the purpose of this report to laud or condemn the test. In its 
defense one might state that positive Wassermann tests occur in conditions 
other than syphilis but no one would suggest the test be discarded. It is es- 
sential, however, that the lack of specificity of any test be known by those re- 
questing it. Regardless of agreements and disagreements, the fact remains that 
the trichina precipitin test is still used extensively, and to most physicians @ 
positive report carries a good deal of weight. Skin tests are considered no more 
reliable and a muscle biopsy is net always feasible. It might be mentioned here 
that a positive biopsy may confirm the diagnosis but a negative report is not 
proof that the patient does not have trichinosis. The complement fixation test 
may be valuable but the positive report in our second ease indicated that it too 
may prove misleading. 

The blood count in trichinosis is of considerable importance. There is 
usually a leucocytosis and a marked eosinophilia.® However, on occasion, the 
white count may not be elevated and in very severe eases there may be a com- 
plete absence of eosinophilies. In infectious mononucleosis the blood picture is 
considered to be of paramount importance. Nevertheless, the characteristic 
picture may not be present at the onset, and eosinophilia of a fairly marked 
degree has been reported.® Both of these unusual features were noted in Case 1, 
and to a lesser extent in Case 4. 

In Cases 3, 4, and 5, trichinosis was not very seriously considered, but the 
positive precipitin tests proved temporarily misleading. In Cases 1 and 2 the 
positive tests were considered, in addition to other features, sufficient evidence 
to justify diagnoses of trichinosis. It may well be pointed out that the clinical 
features in these cases were not very suggestive of trichinosis, but students of 
this disease stress the fact that the clinical course varies greatly and indicate 
that the diagnosis is frequently missed because clinicians too often expect a 
classical history. 





548 BASSEN, THOMSON, AND SILVER 


There would seem to be no doubt that the patients herein reported had 
infectious mononucleosis. In all, the blood pictures were ultimately confirmatory 
and in all, the heterophile agglutination tests were strongly positive. The one 
thing that tended to confuse in all instances was the occurrence of the positive 
precipitin tests. A possible explanation would be that these patients all had 
trichinosis whether recent or remote. This has to be given serious consideration 
in view of the fact that a high percentage of the population is thought to be 
infected. Even if the infection is not recent, it is possible to conceive of an 
anamnestic reaction boosting the precipitin titer. However, the very rapid 
return to normal in three of the cases makes this seem very unlikely, and in 
one (Case 4), if we may accept the history, the patient never had eaten pork 
in her entire life. 

These patients were not found to have positive heterophile antibody ag- 
glutination tests and positive trichina precipitin tests as part of a planned 
study. The tests were requested by physicians before definite diagnoses were 
made and the findings as reported were found. The percentage of false positive 
trichina precipitin tests (or complement fixation tests) occurring in infectious 
mononucleosis is not known and would require an extensive study, but this 
small group indicates it would not be negligible. 

Most physicians today are conditioned to the vagaries of this disease and 
have learned to give it due consideration in the differential diagnosis of any 
unexplained fever. The cases in this report stress the fact that even when it is 


considered, variations in the blood picture and false positive serological reactions 
tend to mislead. It has become more and more apparent that where the disease 
is once suspected, the diagnosis should be clung to tenaciously until completely 
ruled out or made with certainty. 


SUMMARY 


Positive trichina precipitin tests are reported in five cases of infectious 
mononucleosis. The evidence at hand indicates that these reactions were false 
positive reactions and. were induced by the serum changes of infectious 
mononucleosis. 


For permission to publish Case 2 we wish to thank Dr. J. Jerome Steinfelder and 
Dr. Samuel Weinbaum, New York; for Case 3, Dr. Marsh McCall, New York; for Cases 4 and 
5, The Medical Department of the Long Island Medical College, New York. 
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THE CHRONIC TYPHOID CARRIER: II. THE EFFECT OF 
CHOLECYSTECTOMY ON THE BACTERIOLOGIC COURSE 


A. Litrman, M.S., M.D., J. A. VaicHuuis, PH.D., anp A. C. Ivy, M.D., Pu.D. 
Cuicago, IL. 


INTRODUCTION 


N A previous paper! we have discussed the chronicity of the natural course of 

the typhoid carrier state. Because of the essential role of the carrier in the 

dissemination of typhoid and the infrequeney of spontaneous cure of the 
carrier state, treatment is an important public health problem. 

To date there is no effective nonsurgical therapy. In 1907 Dehler? reported 
the treatment of two earriers by cholecystostomy. Grimme® in 1908 described 
the cure of one patient by cholecystectomy. Thereafter many reports on the 
surgical treatment of carriers have appeared; in 1930 Roesler* compiled a very 
eomplete bibliography. Eichhoff® reviewed chiefly the European literature 
until 1930 and collected 102 cases in which gall bladder surgery had been 
employed in the treatment of the chronic typhoid carrier state. Because it was 
well known that the stools of some carriers do not clear up until several 
months after operation, he arbitrarily chose six months as a minimum follow-up 
period for evaluation. Discarding eight cases for this reason, he found that 
seventy-six, or 81 per cent, of the ninety-four subjects were cured by operation. 

Coller and Forsbeck® added eighteen cases to fifty-five cases from the litera- 
ture (chiefly from the United States) and reported 76.9 per cent cures for a 
combined total of sixty-five patients surviving cholecystectomy. 

The results of cholecystectomy are thus quite favorable. We have found, 
however, that only a few eases have been followed for a number of years after 
operation, and that there has been no evaluation of ‘‘immunity’’ to reinfection 
afterward. 

THE CLINICAL MATERIAL 


Of the fifteen typhoid carriers subjected to cholecystectomy, eleven ap- 
parently had become infected during or after the 1939 Manteno epidemic pre- 
viously described. 7 §& The remaining four were discovered in other state 
institutions and had been sent to Manteno for eare. There were four male 
patients and eleven female patients, living in separate halves of the same 
isolation cottage. The dining room and kitchen facilities were shared, however. 
Both pre- and postoperatively these patients lived with all the other typhoid 
carriers and were thus constantly being exposed to reinfection. This is em- 
phasized in view of the postoperative bacteriologic course to be described. 


From the Department of Clinical Science, University of Illinois College of Medicine, 
Chicago, Ill, and the Manteno State Hospital, Manteno, IIl. 

We are indebted to Dr. Otto Lohman, Public Health Officer at Manteno State Hospital, 
for the preparation of many of the bacteriologic records. 

Received for publication, Jan. 10, 1949. 
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Preoperative Bactertologic Status—The average time between the date on 
which each patient was declared a chronic carrier until the date of operation 
was twenty-seven months (S.D. + 13). In three subjects the duration was five, 
eight, and ten months, while in the remaining twelve the range was twenty to 
fifty-six months, averaging thirty-one months. In three instances in which the 
carrier state followed a diagnosed acute attack of typhoid fever, six to twelve 


BACTERIOLOGIC STATUS BEFORE CHOLECYSTECTOMY 
STOOL CULTURES 
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Fig. 1. 


months elapsed between the onset of the attack and the designation as a 
chronie carrier. The remaining patients were designated as chronie carriers on 
the dates on which cultures positive for typhoid organisms were confirmed. In 
these patients there had been no clinical diagnosis of typhoid fever. 

The preoperative bacteriologie studies on each patient are summarized in 
Fig. 1. Each horizontal bar represents the total number of stool cultures for 
each subject for the year specified. The shaded portion of each bar shows the 
number of such specimens from which typhoid bacilli were isolated. These data 
are adequate to show that thirteen patients were definite chronic carriers and 
were excreting Eberthella typhosa at the time of cholecystectomy. In one pa- 
tient (H. K.) it appears probable and in another (C. M.) possible that spon- 
taneous remission had taken place. These two patients are included in the 
study to compare their bacteriologie course with that of the definite carriers. 

Fourteen satisfactory bile cultures were made in nine eases within the 
eighteen-month period preceding surgery. In seven patients, or 78 per cent, 
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one or more positive specimens were obtained; these patients may be con- 
sidered to have been biliary carriers. In two patients (C. G. and M. P.), 
one and two negative cultures respectively were obtained, although both 
patients had consistently positive fecal specimens. On the basis of so few bile 
samples, we considered the question of biliary infection in these two cases to 
have been unanswered. 


BACTERIOLOGIC COURSE AFTER CHOLECYSTECTOMY 
STOOL CULTURES 
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Fig. 2. 


The cholecystectomies were performed by Dr. Arnold Schimberg between 
January and May in 1942. The patients were transferred from the typhoid 
cottage to the surgical ward a day or two before operation. As soon as the 
patients were ambulatory after surgery, usually within two weeks, they were 
returned to their previous living quarters. 


POSTOPERATIVE BACTERIOLOGIC COURSE 


Using the same descriptive scheme as in Fig. 1, the postoperative bacteri- 
ologie findings are summarized in Fig. 2. 

Duration of the Carrier State After Operation.—In ten cases one duodenal 
aspiration was made on the third to the sixth postoperative day and a bile cul- 
ture taken. Typhoid bacilli were found in nine specimens. The single negative 
report occurred in case 9, on the fourth postoperative day. In this patient a 
negative stool culture had been obtained three days before operation, but there 
had been thirty positive cultures, including one of bile, during the preceding 
year. The first stool cultures made after surgery were negative in nine of the 
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_thirteen proved carriers. These were obtained at periods ranging from two 
days to ten weeks postoperatively, in seven instances between the third and 
eighth weeks. 

In three additional cases the first stool eultures were positive, and the 
earliest persistently negative reports were not obtained until from ten weeks to 
8.5 months after cholecystectomy. 

In one ease the stools remained intermittently positive until the end of this 
study. 

Pattern of ‘‘Recurrences.’’—From Fig. 2 it is seen that in only two eases 
(3 and 6) were there no positive cultures obtained after surgery. In seven 
additional cases, only one or two positive reports were recorded. 

There is a definite diminution of the number of positive cultures with the 
passage of time. Although the data from 1944 and 1945 are not adequate in 
number, comparison of the findings in 1942-1943 and those in 1946-1947 shows a 
striking change. In 1946-1947 in all but one ease the official criteria for 
release from designation as a carrier were fulfilled. These, in Illinois, consist of 
eight negative stool cultures at consecutive monthly intervals and two negative 
bile cultures seven days apart taken thirty days after the last stool culture. 

Sex Difference—The small number of cases in this group does not permit 
a firm conelusion regarding the relation of sex difference to cure. However, of 
the 100 cultures made postoperatively in the male group, twenty-five were posi- 
tive, while only fourteen, or four per cent, of the 329 cultures made in the 
female group were positive. This difference is statistically very significant 


(x? = 40), and in Fig. 2 it may be seen that there is a fairly even distribution 
of stool sampling throughout the five-year period. This indicates, regardless of 
the fewness of the cases, that a sex difference probably exists. 


DISCUSSION 


The observation that bile cultures were positive from three to six days 
after cholecystectomy in nine of the ten cases tested shows that the site of 
biliary tract infection is not the gall bladder alone. It is not likely that 
infected bile expelled from the gall bladder at the time of operation would 
itself remain in the biliary tract for the three to six-day period deseribed. Nor 
could it be presumed that in each case an infected cystic duct stump had been 
left behind. It appears probable that the infected bile from the gall bladder 
contaminated extracholecystie structures or intestinal contents and that a week 
or longer was required to clear the contamination. 

A sufficient number of stool cultures were not. taken in the early post- 
operative period to provide precise data on the postoperative duration of the 
carrier state. 

It is a remarkable and hitherto undemonstrated fact that living amid 
constant exposure to reinfection from untreated carriers, twelve or thirteen 
proved typhoid carriers became and remained cured following cholecystectomy. 
In a few instances prolonged reinfections appeared to have occurred. However, 
most of the positive cultures obtained postoperatively, especially in the female 
group, appeared sporadically and for such brief periods that we believe in some 
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instances there may have been excretion of the organisms as transients, without 
definite reinfection. The transient excretion of typhoid bacilli without evidence 
of actual infection has been shown to occur by Cler and Ferazzi.® They re- 
ported on the stool cultures of thirty-nine persons who had been known to eat 
the same infected food as others who developed clinical typhoid fever. Six of 
the asymptomatic individuals exereted typhoid bacilli for a period up to one 
week after the beginning of the disease in those who developed typhoid fever. 
We have observed such episodes of transitory excretion of typhoid bacilli in 
some carriers becoming spontaneously cured. 

In a previous report! we described the bacteriologic course of seventy-nine 
typhoid carriers living together with the patients reported in this paper. In 
these seventy-nine noncholecystectomized patients, who served as ideal controls 
for the evaluation of therapy, 29 per cent of spontaneous cures occurred by the 
same criteria. In addition, many long ‘‘recurrences’’ of the carrier state or 
lasting reinfections occured after the carrier state had disappeared spontaneously 
for several weeks or months. These observations indicate that cholecystectomy 
was followed by a high degree of resistance to recurrence of the carrier state. 


SUMMARY AND CONCLUSIONS 


1. Cholecystectomy was performed on thirteen proved chronic typhoid 
earriers. Following operation these patients continued to live among many other 
typhoid carriers, some of whom were heavily infected. The period of study 
lasted five years after surgery. 


2. Under these conditions of massive exposure to reinfection, twelve of the 
thirteen patients became and remained free of typhoid organisms. 
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LABORATORY METHODS 


AN APPRAISAL OF THE MALE NORTH AMERICAN FROG 
(RANA PIPIENS) PREGNANCY TEST WITH SUGGESTED 
MODIFICATIONS OF THE ORIGINAL TECHNIQUE 


JosEPH N. Curuer, B.A., M.A. 
PHILADELPHIA, PA. 


INTRODUCTION 


iam and Parker’ and Wiltberger and Miller* have recently described 
a new test for pregnancy employing as a test animal the male North Amer- 
ican frog (Rana pipiens). In an attempt to evaluate the accuracy and efficiency 
of this new technique, the author tested 200 urine specimens from women 
suspected of being pregnant. Since the urine pregnancy test using the African 
female frog (Xenopus laevis) is an accepted, reliable procedure, a male R. 
pipiens and a female X. laevis were tested with each urine specimen, and the 
results compared. In addition, the advantages of Seott’s? method of urine con- 
centration are described in preparing the inoculum for R. pipiens. 


PROCEDURE 


All urine specimens delivered to the laboratory for pregnancy testing were injected 
into the frogs following the technique of Wiltberger and Miller. Five cubic centimeters of 
whole, unmodified urine were filtered and made slightly acid to litmus with HCl. This ma- 
terial was injected into the dorsal lymph sac of the animal. Of the first ten animals treated 
in this manner, only one survived longer than one-half hour. This latter animal died at the 
end of two hours. The high mortality could not, it seemed, be due to the toxicity of an in- 
dividual urine specimen, since each animal was injected with urine from a different woman. 
Believing that the volume of the injection was too great to be tolerated by the animal, an 
attempt was made to give the urine more slowly by injection in stages: 2, 2, and 1 cc. at 
five-minute intervals. This method also was unsuccessful, and 1 ¢.c. doses at five-minute 
intervals were attempted. The animals survived the first 3 ¢.c., but the fourth dose was al- 
most invariably fatal within a few minutes. It was, then, apparent that if the frogs were to 
survive long enough to give a valid test, a small volume injection containing enough hormone 
to stimulate a gonadal reaction was needed to overcome the difficulty. 

A modification of the original Scott method2 for concentrating the chorionic gonado- 
tropin in the urine of pregnant women has proved highly efficient when X. laevis is used as a 
test animal for pregnancy. Since it was our intention to run a duplicate test on an African 
frog with each American frog used (in order to evaluate the reliability of the American frog 
as a test animal), use of the Scott concentration method provided an inoculum suitable for 
both animals, thus eliminating additional urine preparation. The urine was concentrated as 
follows: 

7 One hundred cubic centimeters of a first morning specimen of urine are placed in a 100 
e.c, graduated cylinder and acidified to a pH of 4.0 using 20 per cent HCl with 0.04 per cent 
bromeresol green as an indicator. When the urine specimen presented for testing is less than 

From the Cutler Clinical Laboratories and the Clinical Laboratories of the Community 
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100 ¢.c., distilled water is added in the amount necessary for the recommended volume. Urine 
specimens of less than 50 c.c. are rejected as unsuitable, since our experience with several 
hundred tests on X. laevis has shown that such small quantities of urine do not usually con- 
tain the necessary titer of hormone to produce a positive reaction, especially in very early 
pregnancy. Also, urines with a specific gravity of less than 1.015 are usually unsuitable for 
testing, giving rise to a large percentage of false negatives unless a full 100 ¢c.c. of urine 
are available. In the latter case, a specific gravity of 1.010 is satisfactory. To the acidified 
urine, 5 ¢.c, of a 20 per cent suspension (in water) of acid-washed kaolin are added, followed 
by thorough mixing (inversion of the cylinder twelve times is sufficient), Acid-washed kaolin 
may be prepared,* or it may be bought already prepared.t We have been using the Baker 
preparation with excellent results. 
The cylinder is set aside until the kaolin has settled out to a volume of 15 to 20 c.c., 
at which time the supernatant urine is syphoned off and discarded. The sedimented kaolin 
is transferred to a test tube and packed by centrifuging at moderate speed for about five 
minutes. The resultant supernatant is discarded. Five cubic centimeters of 0.1N NaOH are 
added to the packed kaolin and the kaolin is redistributed through the alkali by vigorous 
stirring with a glass rod. When thoroughly mixed, the kaolin-alkali suspension is spun in 
the centrifuge at high speed for about five minutes, or until the supernatant is clear. The 
clear supernatant is poured over into a test tube and made pink by the addition of 1 drop of 
0.5 per cent alcoholic phenolphthalien solution. Twenty per cent HCl is added drop by 
drop until the pink color is just discharged. The solution is ready for injection. The fore- 
going procedure should consume no more than thirty to forty-five minutes. 


a 


The use of the concentrated urine as a test inoculum for R. pipiens has given excellent 
results. One cubic centimeter of concentrated urine is injected into the dorsal lymph sac 
with no ill effects upon the animal observed. Since the 1 ¢.c. of concentrated urine represents 
a volume of 20 ¢.c. of whole urine, its use is most. advantageous in low hormone titer early 
pregnancy urine specimens. However, concentration of the urine may lead to false positive 


reactions in menopausal urine specimens with high follicular stimulating hormone titers. 
Where menopause is suspected, urine giving a positive reaction should be checked using either 
a rabbit or an African frog, or by injecting two 24% c.c. doses of whole urine into R. pipiens 
at one-hour intervals. 


TECHNIQUE FOR R. PIPIENS TEST 


One hundred cubic centimeters of a first morning urine specimen are pre- 
pared by the Scott method, and 1 ¢.e. of the final product is injected into the 
dorsal lymph sae of the frog (see Fig. 1). The animal is then placed in a clean, 
dry, glass receptical (a 1,000 ¢.c. beaker is ideal) covered with a weighted wire- 
mesh top to prevent escape of the animal. At the end of one-half hour, the frog 
is grasped firmly in the left hand, and the right leg of the animal is imprisoned 
between the operator’s index and second fingers. The animal’s left leg is taken 
between thumb and index fingers of the operator’s right hand, and the leg is 
drawn up close to the frog’s side. The frog’s cloaca is then brought in contact 
with a clean, glass microscope slide. The slide is immediately transferred to 
the microscope stage and the drop of urine examined under either the low or 
high dry objective. The sperm cells are easily recognized with either magnifica- 
tion. In a positive test, the sperm cells are shed in large numbers and can be 
seen actively thrashing about, or quiescent with their long whiplike tails waving 
slowly back and forth. In a negative test there are, of course, no sperm cells. 

*As described in Practical Physiological Chemistry, Hawk & Bergein, ed. 11, page 
263, footnote. 


+From J. T. Baker Chemical Company, Phillipsburg, N. J., as Kaolin, Washed Powder 
(American Standard). 
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The urine is quite clear, except for occasional red blood cells and one or more 
of a variety of intestinal parasites harbored by the frogs. These latter in no 
manner resemble the sperm cells and should not be mistaken for them. If at 
the end of the first half hour the urine shows no sperm cells, the procedure is 
repeated at half-hourly intervals until three hours have elapsed from the moment 
of injection. Absence of sperm cells within the three-hour period constitutes 
a negative test. 

















Dorsal Lymph Sac 
(Shaded area) 


insert 25 gauge 13" 
needle subcutaneously 
at this point and work 
tip of needle upwards 
under the loose skin 
into dorsal lymph sac. 
When tip of needle is 
in position shown urine 
can be injected. 


Fig. 1.—Diagram illustrating site and method of injection for R. pipiens pregnancy test. 


ACCURACY OF R. PIPIENS AS COMPARED WITH X. LAEVIS 


Unselected urine specimens brought to the laboratory were concentrated. 
A male R. pipiens and a female X. laevis were inoculated with the urine con- 
centrate. Results were observed and compared. 

In a series of 200 urine specimens from women suspected of being pregnant, 
two American frogs gave false negative reactions where X. laevis injected with 
the same urine specimens gave positive tests. Conversely, two X. laevis frogs 
gave false negative reactions with urine specimens that reacted positively on 
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the male R. pipiens. This constitutes a record of 99 per cent accuracy for both 
species of test animals, since the combined results by the laboratory tests were 
all checked and substantiated by later clinical findings. Of the 200 urine speci- 
mens tested, 130 were from women thought to be thirty to thirty-five days preg- 
nant (ten to fifteen days after first missed menstrual period), thus proving the 
ability of the R. pipiens test to detect conception as early as any of the tests 
now in routine use. 


DISCUSSION 


In our opinion, the pregnancy test using R. pipiens is far superior to any 
of the routine tests now in use. It is an exceptionally reliable test. In our 
analysis of 200 urine specimens, only two false negative results were encountered. 
These two failings occurred early in our investigation when we were trying to 
reuse animals which had already given one positive test, after a five-day rest 
period as recommended by Wiltberger and Miller.* It was found inadvisable 
to reuse the animals for the following reasons: (1) A positive reaction appears 
to exhaust the frog’s supply of sperm eells. Resting the frogs long enough to 
regenerate new sperm cells involves a time interval within which inanition and 
wasting occur. This is due, as Robbins and Parker’ point out, to the imprac- 
ticability of providing the proper live insect diet for the animals under labora- 
tory conditions. (2) The animal is so inexpensive and its supply so readily 
available that it is false economy to salvage the frogs for reuse, thereby risking 
unreliable results. In eases where urine specimens have proved negative for 
pregnancy, we have reused the animals involved with consistently reliable re- 
sults, but it is reeommended that such animals be returned to their storage tank 
in the refrigerator and not kept at room temperature. After instituting the 
policy of not reusing previously positive animals, 150 urine specimens were 
analyzed for pregnancy using R. pipiens as the test animal without any further 
false negative (or false positive) reactions. 

The care necessary for the use of R. pipiens is simplicity itself. A small 
fish aquarium (14 in. by 10 in. by 8 in.) will easily house up to twenty frogs. 
Such a tank conveniently fits into the lower compartment of even a small labora- 
tory refrigerator, where the animals are stored at about 10° C. in one-half inch 
of water until ready to use. While in the refrigerator, the animals are in a 
state of hibernation and will survive for weeks on end without feeding. Aside 
from keeping the water level constant in the tank, there is no other care neces- 
sary for R. pipiens. One hour prior to use in a test, a frog is removed from the 
tank and placed in a suitable wire-mesh covered receptical at room temperature. 
This short thawing period is sufficient to return the animal to metabolic activity 
necessary for the test. In practice, we remove the frog for thawing as soon as 
the urine for testing reaches the laboratory. By the time the urine is con- 
centrated and ready for injection, the frog is ready, too. Storage of R. pipiens 
at room temperature for more than a day or two is not recommended. At the 
beginning of our studies we stored all our frogs at room temperature. We found 
that wasting and inanition were quite rapid, especially during the warmer 
summer months, but most disconcerting was the high spontaneous mortality rate 
of the unused frogs, at times as high ag 50 per cent within two or three days 
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after receiving the animals from our supplier. An occasional spontaneous 
death oceurs among the refrigerated animals, but it is an infrequent occurrence. 

The rapidity with which the results of the test develop is, in our opinion, 
the most remarkable feature of this new technique. Using 1 cc. of the con- 
centrated urine as our inoculum, we have observed positive reactions consistently 
within one-half to three-quarters of an hour after injection of the animal. Even 
allowing up to one hour for concentration of the urine, results of the test can 
be obtained in less than two hours from the time the specimen reaches the labora- 
tory. This compares with a minimum of forty-eight hours for the standard 
Friedman test and up to eighteen hours for the XY. laevis test. 

The advantages of using whole, unmodified urine in any pregnancy test 
are obvious. Although we attempted such a procedure, as described by the 
originators of the test, the results (mentioned elsewhere in this report) in our 
hands were discouraging, Robbins and Parker! describe the same difficulty 
with what they eall ‘‘toxie urines,’’ but apparently the rate of mortality from 
injection among their frogs was not as great as that which we encountered. 
They further decry the lack of adequate methods for detoxifying the urine 
specimens. It is our opinion that the large volume of the prescribed inoculum 
(5 ee.) for such a small animal is responsible for the high frog mortality and 
not the presence of toxic substances in the urine. By use of the Scott method,? 
a small volume inoculum (1 ¢.¢c.) representing the hormone content of 20 c.e. 
unmodified urine is provided and at the same time substances toxie for the 
frog are removed. The latter is accomplished by the ability of acid-washed 
kaolin at pH 4.0 to selectively adsorb the protein materials from the urine, 
leaving behind the toxic substances in the supernatant which is discarded. This 
phenomenon has demonstrated itself to our satisfaction inasmuch as we have 
not had a single technical fatality among our frogs since substituting the con- 
centrated specimen for whole unmodified urine. Once the necessary reagents 
for Seott’s method? are at hand, the actual preparation of the urine for injection 
is neither technically difficult nor excessively time consuming, and the fact that 
each test goes to its desired conclusion without mishap, requiring the use of only 
a single animal, more than compensates for the necessary preparation of the 
urine. 

The originators of the R. pipiens pregnancy test emphasize the fact that 
as yet they have not determined whether a seasonal variation in the reactivity 
of the frog might be encountered, especially during the breeding season. From 
their report, it is to be presumed that their investigations ran through the fall 
and winter of the vear. Our experiments began in the early spring and con- 
tinued throughout the summer months until the end of September. Apparently 
this would complete the cycle of one full vear and would include the breeding 
season of the American frog. During the seven months from the beginning of 
Mareh until the end of September, we encountered no variation in the reactivity 
of the animal to the gonadotropic hormones involved in the urine pregnancy 
test. These results, coupled with those of Robbins and Parker,’ and Wiltberger 
and Miller,* would seem to indicate that R. pipiens can be used throughout the 
year as a reliable test animal for urine pregnancy testing. 
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SUMMARY 


The use of whole, unmodified urine as a test inoculum for R. pipiens is not 
entirely satisfactory, resulting in the death (in our hands) of the animal when 
viven in the necessary 5 e.e. dose. 

Concentration of the urine by Scott’s method yields an ideal inoculum for 
R. pipiens. The inoculum is nontoxic, with 100 per cent survival of the test 
animal throughout the testing period. Moreover, the accuracy of the test is 
enhaneed by providing a greater concentration of hormone, a particularly val- 
uable consideration in very early pregnancy. 

Scott’s method for concentrating the urine is described in detail as well 
as the actual technique in carrying out the test on R. pipiens. 

Reuse of animals which have given a positive test may lead to false nega- 
tive results in the second test. For this reason, reuse of such animals is not 
recommended. Animals which upon previous testing yielded negative results 
may be reused safely after a twenty-four hour rest period. 

An attempt to evaluate the reliability of R. pipiens as a test animal has 
been made by injecting a standard.test animal (X. laevis) and a R. pipiens 
male frog simultaneously with the same urine specimen and then comparing the 
resultant reactions. Both species of animals produced a record of 99 per cent 
aceuraey proved clinically. 

The seasons of the year covered in this report (early spring to early 
autumn) in conjunction with the reports of other investigators working through 
the fall and winter would indicate that there is no seasonal or breeding period 
variation in the animal’s response to gonadotropie hormone. 

With modifications in the original technique (described in the body of this 
report), the pregnancy test using male R. pipiens frogs has proved itself, in 
our hands, to be exceptionally reliable, so much so that it has replaced X. laevis 
and rabbits in our laboratory. In addition, the shorter reaction period, the 
exceptionally low cost of the animal, the ready availability of supply, and the 
minimum of laboratory care and housing of Ff. pipiens make it, in our opinion, 
the animal of choice in urine pregnancy testing. 
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AN IMPROVED TECHNIQUE FOR THE TRANSMISSION OF THE 
LANSING TYPE VIRUS OF POLIOMYELITIS 
IN MOUSE EXPERIMENTS 


CHESTER L. Byrp, JR. 
CuHIcAGo, ILL. 


ANY attempts were made to shorten the ineubation period of poliomyelitis 
M infection in animals.’ * Most of them were directed to the production 
of a locus minoris resistentiae in the central nervous system by traumatizing 
the brain tissue. Another trend is to increase the amount of material injected 
by the intracerebral route. This amount is, however, limited by topographic 
and special conditions. Attempts to increase the usual dose administered in 
one injection from 0.01 ml. to 0.08 ml. have not been successful as yet. <Ac- 
cording to our own experience, ayproximately 0.01 ml. of the injected material 
is lost by back-seepage if 0.03 ml. is injected. Thus the problem is twofold: 
first, there is a necessity to produce brain trauma by such means as will not 
kill the animal or weaken the virus; second, the amount of injected material 
has to be increased by administration in a different manner from the accepted 
and routine injection into one side of the brain. 

In order to achieve this end, it was decided to inject the infective ma- 
terial into both sides of the mouse cranium. Different sites were selected as 
points at which to pierce the skull. Preliminary experiments have shown that 
the largest number of mice survive when the injections are given exactly at 
a point halfway between the outer corner of the eye and the center of the 
external acoustic meatus. 

When the Lansing type of virus of poliomyelitis is transferred from mouse 
to mouse, brain emulsions are used. It was mandatory, therefore, to use brain 
emulsions from normal, noninfected mice to determine the mortality rate 
due to trauma when using the described route of injection. 

One hundred twenty-five mice were inoculated with 0.03 ml. of a 10 per 
cent emulsion of brain from normal mice on both sides of the cranium. Only 
three (i.e., 2.4 per cent) of the mice died as a result of the inoculation. Thus 
this method of administration seemed to be satisfactory. 

Most workers prefer clear suspensions when propagating the virus of 
poliomyelitis by injecting brain material of one mouse into another. This 
is achieved by grinding the brain with alundum or other suitable material in 
buffered saline, filtering through gauze, and centrifuging off coarse particles.‘ 
Kinally, the supernatant is inoculated into the brain of another animal. 

In addition to attempting to increase the brain trauma, we also tried to 
change the preparation of the infective material by the following means. 

The brain was ground with unbuffered saline in a mortar without alundum 
or other similar material. The volume of the saline used for this was ten times 
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larger than the volume of the brain. After thorough grinding, the material 
was poured into a test tube and left to stand in the icebox for thirty to sixty 
minutes. Then 0.03 ml. of the supernatant was injected into each side of the 
head of the mouse by piercing the skull at a point halfway between the outer 
corner of the eye and the center of the external acoustic meatus. 

Young, Plymouth strain Swiss mice were used for the experiments. The 
Lansing type of virus was received, by the courtesy of Dr. S. O. Levinson, 
from the Michael Reese Research Foundation. Table I shows the results of f 
experiments in which the classic technique and our modifications were com- 
pared. It is well evident from the tabulations that the technique described 
here gives superior results. 














TABLE I 


















































AVERAGE 
TIME TO | NUMBER OF 
PRODUCE MICE DEAD 
NUMBER INCUBATION 50% FROM 
INOCULATED OF MICE LDso PERIOD* MORTALITY TRAUMA 
Lansing virus, crude sus- 100 “1 x 10-6 5 + 3 4+1]1 2 
pension, bilateral inocula- 
tion 
Lansing virus, crude sus- 40 1 x 10-5 10°56 O° t2 1 
pension, unilateral  in- 
oculation 
Lansing virus, in buffered 40 1 x 10-4 12 +6 8 +2 1 
saline pH 4.0, unilateral 
inoculation 
Mouse brain, without virus, 125 0 0 0 3 
bilateral inoculation 








*Number of days between inoculation and onset of paralysis. 





It has to be added that in spite of the larger traumatization due to the bi- 
lateral inoculation, the mortality of mice due to mechanical factors was very 
low. 

While the results achieved by the use of this technique were very satis- 
factory, it has to be considered that the clinical picture of traumatism of the 
brain, i.e., contralateral paralysis developing early after the injection, cannot 
be evaluated in animals after material has been introduced into both sides 
of the cranium. This may cause difficulties in the evaluation of the results. 










SUMMARY 











An improved technique was described for the propagation of the virus 
of poliomyelitis from mice to mice. This method consists of injecting less 
purified suspensions in unbuffered saline bilaterally into the brain. 
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A METHOD FOR THE DETECTION OF LACTOSE IN URINE 


AnpREW A. Ormsby, PH.D., AND SHIRLEY JOHNSON 
GALVESTON, TEXAS 


T IS common experience in clinical laboratories that the published methods for 

the detection of lactose in urine are unsatisfactory. Fermentation tests are 
preferable to others but, unless carefully performed and interpreted, may lead 
to false conclusions. The chemical methods, which should serve at least to con- 
firm the results of fermentation studies, are found to be wanting in both sensi- 
tivity and specificity. Among the many chemical procedures which have been 
described is the methylamine test.'| Urine suspected of containing lactose is 
boiled with a small amount of methylamine and then made strongly alkaline 
with NaOH; a red color indicates the presence of lactose. As described, the 
method is not sensitive and results cannot be consistently reproduced. 

A study of the factors affecting the methylamine reaction has indicated 
that, under the proper conditions, this test can be made very sensitive, and the 
results are so reproducible that, with certain refinements of procedure, it may 
be adapted to the quantitative determination of lactose. By the methylamine 
reaction we are able to detect quantities of lactose which are not detectable by 
the usual Benedict’s test for reducing sugars. 


PROCEDURE 


To 5 ml. of urine add 1 ml. of a 0.2 per cent aqueous solution of methylamine 
hydrochloride, and 0.2 ml. of 10 per cent NaOH. Mix by inversion or gentle 
swirling. Cover the tubes with glass bulbs or marbles and place in a water bath 
at 56° C. for thirty minutes. Remove from the bath and allow to stand at room 
temperature. 

If the urine contains much lactose a red color will be apparent before the 
heating period is completed. The color increases as the tubes are allowed to 
stand at room temperature, reaching a maximum in about an hour. Henee, if 
the concentration of reducing sugar is low it is best to observe the tubes after 
they have been allowed to stand for some time. 


DISCUSSION 
Sensitivity. An intense red color is observed after fifteen to twenty minutes 
at 56° if the urine contains 0.5 per cent lactose. This is a concentration which 
gives a Benedict’s reaction usually interpreted as one plus. A 0.05 per cent 
solution of lactose in urine, which is negative with Benedict’s reagent, gives a 
slight but definite positive reaction after standing for thirty minutes at room 
temperature. In order to detect traces of lactose it is best to run a control, 
containing water in place of methylamine, in order to avoid confusion caused 


by the color of the urine. 
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Other Sugars.—The only sugars which give a red color in the methylamine 
reaction are the reducing disaccharides. The only members of this group which 
have been found in urine are lactose and maltose.2 Maltose, which has been 
reported as occurring in a few instances, seldom has been identified definitely. 
Glucose, fructose, xylose, galactose, and sucrose in large amounts give a yellow 
color which is readily distinguished from the lactose reaction. 

Temperature and Alkalinity Although a more intense color is produced 
at higher temperatures, the interpretation of the results is made difficult because 
of an interfering color caused by earamelization of the sugar. A temperature 
of 56°, maintained for thirty minutes, gives an intense color with lactose and 
causes little caramelization, as shown by the slight color of the blank. This 
temperature was chosen because it is close to the optimum and baths at this 
temperature, used for inactivation of serum, are generally available in clinical 
laboratories. 

The optimum amount of NaOH was found to be 0.2 to 0.4 ml. of a 10 per 
cent solution. Since, however, the larger amount causes an increased blank color, 
it is advisable to use only 0.2 milliliter. If the amount of 10 per cent NaOH 
added is either larger or smaller than 0.2 to 0.4 ml., the intensity of color given 
by lactose is decreased. 

Aeration.—It was noted in the original description of the methylamine re- 
action’ that the color is decreased if the tubes are violently shaken. This result 
has been confirmed and it is, therefore, advisable to avoid aeration. For this 
purpose the contents of the tubes are mixed gently and, during the heating 
period, are kept covered. 


Effect of Ammonia.—The concentration of ammonia has a marked effect on 
the intensity of color produced by a given amount of lactose (Table I). In the 
table the amount of methylamine added is smaller than that reeommended when 
using the reaction to detect lactose in urine. The concentrations of methylamine 
and lactose were adjusted to give intensities which could be read on the Klett- 
Summerson colorimeter, using a No. 54 filter. 


TABLE I. 5 Mu. 0.8 Per CENT LACTOSE, 0.5 MG. OF METHYLAMINE HYDROCHLORIDE, 0.2 ML. 
10 PER Cent NAOH; HEATED AT 56° For 30 MIN.; READ AFTER STANDING 1 Hr. 








Mg. NH,-N added | 0] 02 | 04] 08 | 10] 5.0 | 10.0 | 15.0 | 20.0 
Readings | 82 | 86 | 91 | 109 | 121 | 246 | 232 | 0 | 0 








It is evident that increasing amounts of ammonia, up to 5 to 10 mg., enhance 
the color, but if addition of ammonia is continued, color development is com- 
pletely inhibited. Ammonia, in the absence of lactose, gives no red color, but 
appears to increase the yellow color ascribed to caramelization, this effect again 
increasing until 10 mg. of NH,-N have been added and then falling off to zero. 

It is unlikely that the presence of ammonia in fresh urine would cause 
inhibition of color development from lactose, since this would require greater 
than 2 mg. ammonia-N per milliliter of urine, an unlikely concentration. It is 
possible, however, that if urine is allowed to stand until bacterial decomposition 
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of urea has progressed markedly, that a coneentration of ammonia great enough 
to produce inhibition might be reached. In such a case the ammonia is readily 
removed with permutit. 

Quantitative Determination of Lactose——Preliminary experiments have in- 
dicated the feasibility of applying the methylamine reaction to the quantitative 
determination of lactose. In this case the factors of temperature and alkalinity 
must be carefully controlled. In addition, the amount of ammonia present must 
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: Fig. 1.—Absorption spectrum of color produced in the methylamine reaction. The broken 
line represents i spectrum of the blank. A Cenco-Sheard Spectrophotelometer, with a 1 cm. 
cuvette, was used. 


be known and adequate compensation provided. The ammonia may be deter- 
mined and enough added to the standards to equal the amount present in 5 ml. 
of urine. <A better procedure appears to be the removal of ammonia from the 
urine with permutit, and then the addition to blank, standards, and urine 
sample of 5 mg. of ammonia-N, thus utilizing the ammonia to increase the 
sensitivity of the method. 

If the method is to be used quantitatively it is necessary to compensate for 
the color of the urine by using a blank containing urine, but no methylamine. 
A determination of the absorption spectrum of the colored substance (Fig. 1) 
shows two absorption maxima, at 425 and 540 millimicrons. Although there is 
greater absorption at 425 my, the blank also shows great absorption at this 
wave length, whereas at 540 mp» the blank exhibits scarcely any absorption. 
Readings are, therefore, made with a filter having its greatest transmittance at 
540 millimicrons. 





DETECTION OF LACTOSE IN URINE 


SUMMARY 


1. The methylamine reaction can be utilized, under the correct conditions, 
for the detection of small amounts of lactose in urine. 

2. Preliminary experiments indicate that the method might be adapted to 
the quantitative determination of lactose. 
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A VISCOSITY-EFFUSION METER FOR MEASURING THE 
CONCENTRATION OF ANESTHETIC GASES 


R. N. HarGer, Pu.D., EUGENE S. Turret, M.D., AaNp J. Martin MILuer, M.D. 
INDIANAPOLIS, IND. 


UBLISHED methods for estimating the concentration of ether and other 

anesthetic gases in air, or air plus oxygen, are not suitable for routine use 
in the operating room. For determining ether both chemical and _ physical 
analytic procedures have been described. The former include the combustion 
method of Spenzer,' the method of Nicloux,? later modified by Shaffer and 
Ronzoni,* in which the ether vapor is absorbed in 50 per cent sulfuric acid and 
subsequently oxidized with dichromate, and the iodine pentoxide method of 
Haggard. The time required to complete such chemical analyses renders the 
results of little immediate use to the anesthetist. Physical methods which 
measure the increase in gas density caused by the presence of ether have been 
reported by Boothby, who used the Waller® gas balance, and by Harger and 
co-workers,’ employing a modified Cady*® gas balance. These vapor density 
methods vield immediate results, but the necessary apparatus is too cumbersome 
to be used except for research where trained technicians are available to operate 
the gas balance. _Kruse® determined ether in air by means of the Guthrie ana- 
lyzer,!° using concentrated sulfurie acid to absorb the ether, and Seevers and 
associates"! used the gas analysis apparatus of Burrell, Seibert, and Jones’® to 
determine cyclopropane in air, employing fuming sulfuric acid as the absorbent 
for cyclopropane. These methods, which measure contraction in gas volume 
following absorption of the anesthetic gas, require a technician and take some 
time. 

In an effort to develop a very simple, rapid, automatic analytic method for 
anesthetic gases we have experimented with a number of physical procedures. 
We first used twin flowmeters operated in series with a tube containing activated 
charcoal between them to absorb ether vapor, the apparatus being essentially 
that of Strache and co-workers" as modified by Sauter.'*. This gave fairly good 
results but required the constant use of the absorbent. Next, we tried methods 


depending upon the decrease in viscosity produced by ether, either by measuring 
the rate of flow through a capillary tube at constant pressure, or by determining 
the change in pressure between the capillary ends at constant flow. We then 
substituted for the capillary tube a fine orifice in a thin plate* which would 
measure change in rate of effusion caused by alteration of gas density, in con- 
formity to Graham’s law.’® The effusion molecular weight apparatus of Eyring’® 
is a somewhat recent application of this principle. In our hands both viscosity 
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and effusion methods gave quite satisfactory readings, but it was found some- 
what difficult to maintain constancy of air flow or pressure differential. 


Finally, we found that these difficulties could be avoided by an arrangement 
which registers the combined changes in viscosity and density. Our apparatus 
is a modification of the device described in 1920 by Viehoff!’ for determining 
the concentration of carbon dioxide in flue gas. In Viehoff’s apparatus the gas 
to be analyzed is drawn through a eapillary tube and then through a fine orifice. 
Using a common suction, ordinary air is drawn through an identical tube and 
orifice, and a manometer connecting the two limbs by means of side arms placed 
between the capillary and orifice registers any pressure difference between the 
two limbs. Since carbon dioxide has a higher density than air, its presence 
reduces the rate of effusion through the orifice in the flue gas limb, while the 
lower viscosity of carbon dioxide as compared with air causes a decrease of the 
resistance to the passage of gas through the corresponding capillary tube. These 
changes in effusion and viscosity are additive and result in an increase of gas 
pressure in the flue gas arm of the apparatus, thus producing a rise in the man- 
ometer on the air side. According to Dennis and Nichols'® the presence of 
moisture and other impurities interferes somewhat with the accuracy of the 
method when used for flue gas. The Viehoff viscosity-effusion bridge has been 
employed by Jenkins’® for determining the levels of both oxygen and carbon 
dioxide inside an oxygen therapy chamber. 


Since ether also has a higher density and a lower viscosity than air or 
oxygen, the differences being much greater than for carbon dioxide, this pro- 
cedure, somewhat modified, was found to be admirably suited for the determina- 
tion of ether. ‘ 

When using the Viehoff apparatus to analyze the rebreathed gas from an 
anesthetic machine, one cannot cmploy air as a reference gas, since the oxygen 
content of the rebreathed gas is frequently far above 21 per cent, so that an 
absorbent must be constantly used for one limb. For this reason we have modi- 
fied the apparatus by using only one of the twin limbs and connecting the 
manometer to the two ends of the capillary tube. The presence of ether causes 
a marked drop in the manometer level. To establish the base line the inlet is 
provided with a two-way stopeock by means of which one can momentarily shunt 
the gas through a tube containing chareoal or other suitable absorbent. This 
base line changes rather slowly during a surgical operation, so that an occasional 
adjustment will suffice. In order to maintain a constant flow for a given gas 
mixture, the suction employed distal to the orifice is kept above the critical 
point of about 40 em. of mereury (Saint-Venant and Wantzel*®). The ap- 
paratus is extremely simple and operates automatically, giving prompt, con- 
tinuous readings of the concentration of ether vapor. 

The method was found to be satisfactory for the determination of nitrous 
oxide, cyclopropane, and ethylene in the presence of nitrogen or oxygen. Nitrous 
oxide and eyelopropane each has a higher viscosity but a lower density than 
oxygen or nitrogen, while ethylene has about the same density as air but a much 
lower viscosity. With a ternary mixture of nitrogen, oxygen, and one of these 
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‘gases the per cent of oxygen must also be determined, but this can be accom- 
plished quickly with the Pauling-Beckman apparatus.*1 Helium in air or 
oxygen may be measured by our effusion-viscosity device. The much lower 
density of helium causes a marked rise in the manometer column. The apparatus 
will also indicate the approximate percentage of oxygen in nitrogen, but with 
the manometer used for ether the change in level is small. The reason for this 
is that the density and viscosity of oxygen are both slightly higher than for 
nitrogen so that the two changes act oppositely. Since the viscosity effect is 
greater than the density effect, the result is a small rise in manometer reading 
when oxygen is added to nitrogen. 

One also can use the apparatus to determine both nitrous oxide and ether 
and cyclopropane and ether when these pairs are present in the gas mixture, 
since one may selectively remove the ether, thus obtaining a second reading for 
the ether-free gas. However, since the total manometer drop exceeds the sum 
of the drops due to ether and nitrous oxide or ether and cyclopropane, it is 
necessary to employ a table or nomogram constructed from observed manometer 
readings with various mixtures of ether-nitrous oxide or ether-cyclopropane in 
air or oxygen. Our data for this purpose are not yet complete. 


DESCRIPTION OF APPARATUS 


The type of apparatus which we have used is shown in Fig. 1. The example described 
has an air flow of about 100 ¢.c. per minute, and a manometer height of 52 cm., which gives 
a drop of about 1 em. for each per cent of ether. For compactness it is mounted on a 
vertical board 24 in. long and 5 in. wide, having a horizontal base 8 in. long located on the 
back and about 10 in. from the lower end. In this way the apparatus projects only about 
16 in, above the table on which it is clamped, a part of the manometer being below the table 
level. A small shelf for supporting the manometer bottle is located at the bottom of the 
vertical board. The various parts are as follows: 

Capillary Tube.—This tube (A) is 50 em. long with a bore of 0.67 mm, and with the 
intake end sealed to a glass H. For conserving space the capillary is bent in the form of a 
U, with care taken to avoid constricting the bore while bending. The outlet from the 
capillary (4A) is connected to the orifice (B). 

Variable Resistance to Gas Flow (D).—This arrangement, described by Hofsass,?? is 
placed at the intake of the capillary tube. The varible resistance is a piece of 27 gauge 
(0.4 mm. diameter) nichrome or platinum wire extending a short distance into the lumen 
of tube (A). The position of the wire may be adjusted by means of a gastight metal screw 
attached to the top of the wire. Since the only gas pressure at this point is that required to 
draw the gas through the absorption tubes, it is not difficult to secure a gastight joint for 
this adjusting screw. One can use a small glass rod sealed to the wire, which slides inside 
a rubber sleeve. 

Orifice.—The orifice (B) is placed between the exit of capillary (A) and the suction 
tube (C). This orifice has a diameter of 0.12 mm. and is drilled in a sheet of platinum 0.01 in. 
thick, using a special drill for this purpose.* The sheet of platinum is bolted between two 
opposing brass plates so that the orifice is between two brass tubes soldered into holes in the 
centers of the plates. Gaskets of thin sheet tin are used to insure tightness. A plug of 
cotton is placed in the line immediately ahead of the orifice so that dust particles will not 
collect on the orifice and change its diameter. 


, — drill was obtained through the kindness of the National Jet Company, Cumber- 
and, d. 
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Fig. 1.—Diagram of viscosity-effusion meter. 


Manometer.—This is connected to side arms just beyond the two ends of the capillary 
tube. It is of the reservoir type, the glass tubes having an inside diameter of about 3 milli- 
meters. The reservoir is a 2 oz. widemouthed bottle with an inside diameter of about 3.6 
em. and is fitted with a two-hole rubber stopper. In this way more than 99 per cent of the 
shift in manometer level occurs in the glass tube on the right. We use a free-flowing manom- 
eter oil having a specific gravity of 0.827 and containing a red dye.* 

By-pass for Absorption—A two-way stopcock (EF) with a 2 mm. bore is attached to the 
inlet end of the capillary (A) so that the gas to be tested may enter through the plain tube 
(G) or through the absorption tube (Ff) which contains a layer of the absorbent followed 
by calcium chloride. The reason for the calcium chloride in tube (F) is that charcoal and 
other absorbents frequently give off some moisture. Stopeock (E£) is lubricated very lightly 
with a silicone grease, avoiding any of the lubricant in the lumen. 


*This manometer oil is sold by The Meriam Instrument Company, Cleveland 2, Ohio. 
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Tube for Removing H,O and CO,.—This tube (fH) through which the gas first passes is 
filled with soda lime followed by calcium chloride. None of the anesthetic gases which we 
have tested is absorbed by calcium chloride or soda lime. 


Source of Suction—One can use an ordinary good water aspirator with a trap in the 
line to pravent the backflow of water due to changes in water pressure. Since the apparatus as 
described has a flow of only about 100 ¢.c. per minute, we have used as a portable source of 
suction a strong 10 gal. steel drum which had been evacuated with a water pump. This drum 
is provided with a closed-end mercury manometér so that one can make sure that the pres- 
sure inside it is always less than about 350 mm. of mercury. To avoid collecting ether vapor 
in this drum we use a large absorption tube containing charcoal which is placed in the suction 
line (C) between the drum and the orifice. 


Joints Between Parts.—All joints through which the gas passes before it escapes 
through the orifice should be as nearly glass-to-glass as possible since rubber rapidly absorbs 
ether and other anesthetic gases. Such absorption causes a lag in reaching the correct 
reading. 

Connection for Anesthetic Machine.—This is a metal tube about 3 in. long, machined 
to fit between the end of the hose from the mask and the metal hose connnection of the 
machine. This tube has a metal side arm with an internal diameter slightly larger than 
that of a piece of capillary tubing with about 2 mm. bore which connects the inlet of tube 
(H) with the breathing tube of the anesthetic machine. This glass connecting tube is pushed 
inside the side arm of the metal sleeve so that its end is flush with the lumen of the breath- 
ing tube, and the connection between the glass and metal tubes is made gastight by means of 
a rubber sleeve. 


PROCEDURE 


Unscrew adjusting rod (D) so that the lower end of. the wire is in the enlarged portion 
of the capillary tube (A). Connect the vacuum source to (C) with air entering at (H). 
The exact degree of partial vacuum is immaterial, so long as it is below 40 em. of mercury. 
The manometer should now register 45 to 48 em. above the reservoir level. Lower the wire 
of (1) until the manometer reads 52 centimeters. This is the reference point for all measure- 
ments with this particular apparatus. Mark this point on a sheet of cardboard mounted 
next to the manometer tube. Connect the inlet with the gas mixture to be analyzed, opening 
the stopcock of the gas container before connecting it to the apparatus. Turn stopcock (F) 
to shunt the gas through the absorbent in (F). After waiting about thirty seconds to allow 
the entering gas to flush out all gas previously in this limb of the apparatus, read the ma- 
nometer level. If it is not at the reference point of 52 em., adjust tlhe variable resistance (D) 
until the level is exactly at this point. Now turn stopcock (#) so that the gas enters through 
tube (G@), making sure that the stopcock lumen is fully open. When the manometer reading 
is constant, which usually occurs in about fifteen seconds, record the fall, or rise, from the 
reference point, measured in centimeters. Repeat the procedure with various other con- 
centrations of the anesthetic gas and use the data to plot concentration against manometer 
deviation from the reference point. The resulting curve will approach a straight line. This 
curve may be used to construct a scale for the instrument, the ether scale being shown in 
Fig. 1. 

The absorbent for ether alone should be 12 to 24 mesh activated charcoal, which will 
absorb about one-third of its weight of ether before allowing any to pass. With cyclo- 
propane, tube (F') is replaced with an absorption tube containing pumice impregnated with 
concentrated sulfuric acid. For mixtures of ether and cyclopropane the apparatus inlet is 
provided with a third limb containing an activated fuller’s earth absorbent, Florisil,* followed 
by calcium chloride, and tube (F) contains pumice impregnated. with sulfuric acid. When 
the gas is shunted through tube (F), this absorbs both ether and cyclopropane. When 
shunted through the third tube (not shown in Fig. 1) the Florisil absorbs ether but, except 
for the first few seconds, no cyclopropane. 


*The Florisil was kindly furnished by the Floridin Company, Warren, Pa. 
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For nitrous oxide and ethylene, the manometer depression is read with the reference 
point set for air or oxygen. This is because we have found no satisfactory absorbent for 
either of these gases. Furthermore, their concentrations during anesthesia are usually too 
high for them to. be removed for any length of time. , 


PREPARATION AND STORAGE OF SPECIFIC GAS MIXTURES 


Since ether and other anesthetic gases ‘readily enter and pass through rubber and 
other plasties and dissolve in water and most other fluids except mercury, it is necessary 
to mix and store these gases in materials which are impervious to them, Our gas mixtures 
were prepared and stored either in flexible aluminum bags devised by us or over mercury 
in a glass container. These two procedures will be briefly described. 
































FINISHED BAG 


Fig. 2.—Parts and assembly of flexible aluminum gas bags. 


Flexible Aluminum Gas Bags.—The parts and construction of these. bags are shown in 
Fig. 2. The bag material is sheet aluminum 0.001 to 0.0015 in. thick, covered on one side 
with a heat-sealing plastic (Pliofilm or Metalam). The material was purchased in a 100 ft. 
roll 18 to 36 in. wide.* This sheet aluminum is manufactured for hermetically sealing 
coffee, drugs, or articles which may be injured by exposure to moist air. As commonly used, 
two identical rectangles are cut from the sheet and the substance to be preserved is placed 
between them with the plastic surfaces facing each other. Heat from a laundry iron is then 
applied around the periphery of the sheets which causes them to seal together where heated, 
forming a gastight joint. Since we found that ether was somewhat absorbed by the plastic 
coating, we employed an arrangement involving a minimum of exposure of the plastic on 
the interior of the bag. A rectangle a little over twice the size of the finished bag is cut 


*This sheet aluminum coated with a heat-sealing plastic was purchased from The Do- 
becknum Company, Cleveland, Ohio. 
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from a sheet. This is laid on the table with the plastic side down. Along each edge of the 
’ sheet a strip about % in. wide is then folded over and pressed down as shown in the sketch. 
The sheet is then doubled together to form the bag, making sure that the exposed plastic- 
coated strips on the upper half are superimposed on those of the lower half. Before the 
sealing operation, a reinforcement for the inlet is sealed to the outside of one side of the 
bag; holes of proper size are cut in this reinforced portion, and the inlet is bolted in place, 
using thin sheet tin gaskets to insure tightness. The two halves are then sealed together 


f 

















‘~, 
Fig. 3.—Ether vaporizer. 


with a hot laundry iron, using a sheet of paper between the iron and the plastic surface, 
after which a binder about 1 in. wide is sealed to the four edges of the bag. If properly 
made these bags are absolutely gastight. After continued use they develop small pinhole 
leaks and should be discarded. However, a bag having a few very fine leaks may still be 
used provided the gas inside it is kept under slight pressure by placing a newspaper or 
rather large towel cn top of the bag. As valves for these bags we use an unlubricated, well- 
ground, Pyrex stopeock. The glass tube of the stopcock should fit fairly snugly inside the 
copper inlet tube and should be pushed two or three inches into this tube using a rubber 
sleeve to make a tight joint between the two. In this. way very little gas inside the bag 
comes in contact with the rubber sleeve. When stored ‘in these bags, mixtures of air, oxygen, 
or nitrogen with ether or the other anesthetic gases retained a constant composition for several 
hours. 

Filling the Bags With Specific Gas Mixtures: With ether, the liquid (absolute) is run 
from a microburette into a closed glass vaporizing tube about 414 in. by 1 in. (Fig. 3) with 
its lower half placed in water heated to around 60°. A short vertical inlet tube with a 
side arm is sealed to the top of the vaporizing tube. The microburette has a long, tapering 
tip which extends through this vertical tube, the joint between the burette and vertical tube 
being closed with a rubber sleeve. A second tube, which serves as the outlet, extends almost 
to the bottom of the vaporizing tube. Air, oxygen, or nitrogen to be mixed with the ether 
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enters the side arm of the inlet tube, and the mixture with the ether vapor then emerges 
through the outlet tube which connects to the gas bag with all joints as nearly glass-to-glass 
as possible. The introduction of the liquid ether should be finished shortly before the last of 
the other gas is run through the vaporizing chamber, in order to transfer all of the ether 
vapor to the bag. A calibrated flowmeter measures the rate of flow of the gas entering the 
vaporizing tube. One cubic centimeter of liquid ether, when vaporized, will occupy 232 c¢.c. 
at 21° and 760 millimeters. From this figure, corrected for existing conditions of tempera- 
ture and barometric pressure, one can calculate the volume of liquid ether required to prepare 
the desired concentration of the vapor, after it is mixed with a given volume of the other 
gas. In calculating the resulting per cent of ether vapor in the mixture, one must correct 
for the increase in volume due to the addition of ether vapor. After being filled with the 
gas mixture, the bag should be gently kneaded to mix the contents. To further insure com- 
plete mixing, the gas should be allowed to remain in the bag about ten minutes before it 
is used. 

With compressed anesthetic gases, the tank valve, or a suitable reducing valve, is con- 
nected to a flowmeter calibrated for this particular gas. The stream of gas from this flow- 
meter enters a Y-tube where it meets a stream of air, oxygen, or nitrogen, the speed of which 
is also controlled by means of a second flowmeter. When the rates of the two gas streams 
are properly regulated, the outlet of the Y-tube is connected with the gas bag. When using 
this procedure we commonly prepare from. 5 to 10 liters of the gas mixture. 

As an alternate method for measuring the required volume of a given gas, one may 
employ a dry gas meter constructed from a 100 e.c. hypodermic syringe by cutting off a 
suitable length of the inner end of the plunger and using this section of the plunger as a piston, 
discarding the remainder of the plunger. The piston should be of such a length that a one- 
hole rubber stopper which closes the open end of the syringe serves as a stop when the inner 
end of the plunger exactly reaches the 100 ¢c.c. mark. The open end of the piston is closed 
with a well-fitting cork which is inserted so that its exposed end is just flush with the end 
of the piston. If the piston is left open it will take a longer time to flush out the apparatus 
when changing gases. The syringe is mounted in a horizontal position. The two ends of 
the syringe are connected by glass tubes to a special stopcock which is bored to reverse the 
direction of flow for each 90 degree turn of the handle. To avoid a significant increase in 
pressure within the syringe while turning the stopcock, a dry 50 ¢.c. hypodermic syringe is 
mounted in a vertical position with its opening at the bottom and connnected through a T- 
tube to the line between the tank and the syringe gas meter. Any gas which collects in this 
vertical syringe at the end of an excursion of the piston in the 100 ¢.c. syringe will be added 
to the latter syringe in the next stroke of the piston. With a well-made syringe the gas 
pressure required to operate this meter is no greater than that needed for a standard wet 
gas meter, and there is practically no gas leakage between piston and barrel. This apparatus, 
equipped with an automatic reversing valve, will be described in a separate paper. The 
graduations on the 100 ¢.c. syringe should, of course, be properly checked with a good gas 
burette. 

Glass Chamber for Preparing and Storing Gas Mixtures Over Mercury.—This apparatus 
is shown in Fig. 4. Our gas chamber has a volume of 1,125 ¢.c. with the mercury level 
at (X). A dry, well-fitting Pyrex stopcock with 4 mm. bore (A) is sealed to the top of the 
chamber. Just beyond the stopcock the tube branches. The vertical limb (B) is for inserting 
the tip of a 2 ¢.c. burette (C) through the bore of the stopcock (4). A rubber sleeve makes 
a gastight joint between tube (B) and the burette. Sealed to the horizontal limb is the 
female portion of a 12/30 standard taper Pyrex joint (D). The male portion of joint (D) 
is sealed to a glass T, the long arm of the T being a capillary tube (HZ) with 2 mm. bore 
which serves as delivery, or inlet, for the chamber. The dry glass joint which is held to- 
gether with rubber bands permits a vertical motion of tube (HZ). The horizontal limb of the 
T (F) is constricted and joined through a rubber sleeve to the outlet of a dry 100 e¢.c. glass 
syringe, with part of the plunger cut away, leaving the remainder as a free-moving piston. 
This piston serves as a pressure equalizer so that gas leaving the chamber is always at atmos- 
pheric pressure. The pressure tubing connecting the chamber and the leveling bottle is fitted 
with a screw hose clamp. 
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Ether Mixtures: The gas to be mixed with ether is stored in an aluminum bag 
and is kept under a slight positive pressure by placing a magazine or large towel 
on the bag. Open stopcock (A) and elevate the leveling bottle. Unscrew the hose 
clamp and allow the mereury to completely fill the chamber and ascend past the stopcock 
almost to the level of (D). Close stopeock (4) and the hose clamp. Connect the gas bag 
to (E) leaving the bag valve closed. By means of a 50 ¢.c. dry syringe withdraw gas througt 
(B) until syringe (G) is empty. Now open the gas bag valve and withdraw about 50 c¢.c 
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Fig. 4.—Glass chamber and accessories for preparing and storing gas mixtures over mercury. 











of gas to flush out the tubes. Disconnect the 50 ¢.c. syringe and quickly close (B) with 
a glass rod. Completely open stopcock (4), lower the leveling bottle, and momentarily open 
the hose clamp to permit the mercury to descend about an inch, and then close the hose 
clamp. Remove the rod from (B) and quickly insert the burette (C) which contains anhydrous 
ether, making sure that the ether fills the tip. The burette stopcock is lightly lubricated 
with a silicone grease. The tip of the burette should project about 1 em. below stopeock (4). 
Slightly unscrew the hose clamp to permit a slow inflow of the gas during the introduction 
of the ether, and then run in the desired volume of liquid ether. Next, with the gas still 
entering slowly at (A) quickly remove the burette and close (B) with the glass rod. Close 
stopcock (A) and lower the mercury level to about the middle of the chamber so as to 
vaporize all of the ether. After about five minutes open stopcock (4), unscrew the hose 
clamp, slowly lower the mercury level exactly to (X) and then close the hose clamp. As 
soon as the gas in the chamber reaches atmospheric pressure, close stopeock (4). Allow the 
mixture to stand fifteen minutes to insure complete mixing. From the chamber volume (1,125 
e.c.) and the volume of liquid ether introduced, calculate the per cent of ether vapor in the 
mixture. Checks of such mixtures with a modified Cady gas balance and other methods 
showed excellent agreement between calculated and observed results. Once made, such a 


mixture will retain a constant composition for days. 
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Mixtures of Other Anesthetic Gases: As with ether, the diluting gas is stored in an 
aluminum bag. Accurately measure the necessary volume of the anesthetic gas with the 
syringe gas meter, previously described, or by means of a mercury-filled gas burette, and 
then introduce it through tube (B). Run in the diluting gas through tube (£), as with ether. 
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Fig. 5.—Manometer drop for various concentrations of ether in nitrogen and in oxygen (52 
cm. base line). 


Before connecting delivery tube (2) to the viscosity-effusion meter, close tube (B) 
with a glass rod and withdraw gas from (#) until syringe (@) is empty. Then open stop- 
cock (A) and, with the leveling bottle somewhat elevated, slightly open the hose clamp to 
permit a slow escape of gas from the chamber. Next turn on the viscosity-effusion meter with 
air passing through it, and then connect the inlet tube of the meter with tube (#). Regulate 
the flow of mercury into the chamber so that the piston of syringe (G@) is about at the mid- 
point. This piston greatly facilitates the transfer of gas from the chamber to the meter. 

Caution regarding gas mixtures!!! Hther, cyclopropane, and ethylene, when mixed 
with air or oxygen, are highly inflammable and, in contact with a hot spark, they will explode 
with great violence. Avoid flames or sparks in the vicinity of such mixtures!!! 


VISCOSITY-EFFUSION METER READINGS WITH KNOWN CONCENTRATIONS 
OF ANESTHETIC GASES 


The results with ether in the presence of nitrogen or oxygen are shown 
in Fig. 5. The mixtures were prepared, and their composition checked, 
as deseribed in the preceding section. It will be noted that the readings for 
ether in oxygen are about 3 per cent higher than those for ether in nitrogen, 
with both curves approaching straight lines. Since the oxygen content of re- 
breathed gas during anesthesia with ether is usually at least 50 per cent, the 
seale for ether was constructed from a curve midway between the ether-nitrogen 
and the ether oxygen curves, which was shown to be the curve for ether in 1:1 
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Fig. 6.—Manometer shifts for certain gases in nitrogen (52 cm. base line). 
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Fig. 7.—Manometer drop produced by cyclopropane in air and in oxygen (62 cm. base line). 
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N, + O,. In this way the readings are within 99 and about 101 per cent of the 
correct figure. 

Fig. 6 gives the results for binary mixtures of nitrogen with ether, cyclo- 
propane, ethylene, nitrous oxide, carbon dioxide, and oxygen. In the ease of 
oxygen the results represent a rise in manometer reading, the others being a 
fall. In all cases the reference point was set at 52 em. with nitrogen only. If 
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Fig. 8.—Manometer drop for ternary mixtures of nitrous oxide, nitrogen, and oxygen. 
(62 cm. base line with reference point set for air. Oxygen percentages are for cyclopropane- 
free gas.) 


the manometer depression for ether in nitrogen is expressed as 1.0, the relative 
depressions produced by the same concentrations of the other gases are, re- 
spectively: eyclopropane, 0.51; ethylene, 0.29; nitrous oxide, 0.22; and carbon 
dioxide, 0.20; with a rise for oxygen of 0.048. 


Various mixtures of cyclopropane-air and cyclopropane-oxygen were run 
with a second viseosity-effusion meter having a reference point of 62 centimeters. 
The results (Fig. 7) show that the readings with oxygen are all about 8 per cent 
higher than with air. In determining cyclopropane during anesthesia one 
should also determine the per cent of oxygen and use a curve of the type of Fig. 
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Fig. 9.—Concentration of ether and oxygen in rebreathed gas during six surgical operations. 
Percentages are for the gas after removal of water and carbon dioxide. 














7 to read the correct per cent of eyelopropane. The per cent of oxygen may be 
determined with the Pauling-Beckman oxygen meter, or by comparing the read- 
ing of the eyclopropane-free gas with that for air and ealeulating the oxygen 
content from the type of oxygen-nitrogen curve shown in Fig. 6. 

Ternary mixtures of NO, O., and N. were also tested with the viscosity- 
effusion meter having a reference point of 62 em. with this reference point set 
for air. The results are given in Fig. 8. To determine the per cent of nitrous 
oxide during anesthesia, one should note the depression below the base line for 
air produeed by the NO, O., N. mixture and also determine the per cent of 
oxygen with the Pauling-Beckman oxygen meter. From these two results and 
the curves of Fig. 8 one can calculate the per cent of nitrous oxide. 

Viseosity-effusion meter readings of ternary mixtures of ether-cyclopropane- 
oxygen and ether-nitrous oxide-oxvgen are now being obtained. When such 
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surveys are completed we should be able to construct tables or nomograms to 
enable one to use the viscosity-effusion meter to determine both ether and 
cyclopropane and ether and nitrous oxide, when these pairs are used for 
anesthesia. 







CONCENTRATIONS OF ETHER AND OXYGEN DURING SURGICAL ANESTHESIA 










Measurements with a viscosity-effusion meter were made on the rebreathed 
gas from an anesthetic machine during a large number of surgical operations 
where ether was the only volatile anesthetic used. For the ether determinations 
the reference point was set with the ether-free gas. Oxygen determinations were 
run on the ether-free gas with the reference point set with air. Fig. 9 gives the 
results for six of these cases, which illustrate some of the variations observed. 
It will be noted that, following the induction period, the concentration of the 
ether during the remainder of the operation ranged from 2 to 3 per cent for 
Case 5 to 5 to 7 per cent for Case 3. In all of the cases the oxygen content 
of the rebreathed gas was high, ranging from 70 to 80 per cent during most of 
the operation. | 












Results with a much larger series of ether anesthesias will be presented in 
a separate paper. 







REMARKS 










The particular sizes of capillary and orifice which we have employed were 
chosen to give a small flow of gas and to produce a manometer depression of 
about 1 em. per cent of ether. Here the capillary furnishes a little over 7 per 
cent of the total resistance to gas flow, the remainder being in the orifice, assum- 
ing that the effective pressure drop across the orifice is 40 em. of mereury. The 
rate of gas flow may be varied, as desired, by varying the diameter of the orifice. 
Our experiments indicate that if the fraction of the total resistance to gas flow 
contributed by the eapillary is kept constant, the manometer reading for a 
given gas mixture will be the same, and, therefore, the same scale may be used 
for all instruments having this ratio of resistance between capillary and orifice. 
In other words, any instrument with a reference point of 52 em. of oil (sp. gr. 
0.827) should give the readings shown in Figs. 5 and 6. If one desires a higher, 
or lower, manometer reading for the reference point, this ean be produced by 
varying the length, or diameter, of the capillary. The effect will be to increase, 
or decrease, the seale divisions, the change in seale divisions being proportional 
to the change in reference point manometer reading. While our data in Figs. 
5 and 6 should enable one to construct a scale for any instrument, we.suggest 
that each instrument be calibrated with a few concentrations of anesthetic gas 
to be read with it. 






















A rise in temperature slightly increases the manometer level for a given 
gas, because of an increase in viscosity and a decrease in density. This rise for 
the 52 em. reference point is about 1.7 mm. of oil per degree. Since most operat- 
ing rooms are kept at a fairly constant temperature and the reference point is 
oceasionally checked, and adjusted, if necessary, any error due to temperature 
changes will be insignificant. 
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The manometer drop for ether in nitrogen or oxygen is greater than the 
calculated drop, assuming that the viscosity and density of the mixture are 
strictly additive for the ratio of gases used. Tests with certain mixtures in- 
dicated that the deviation is due to altered viscosity. Various investigators?® 
have reported that the viscosity of certain binary gas mixtures deviates from that 
ealeulated on a simple additive basis. Fortunately, this deviation is about the 
same for ether-nitrogen and ether-oxygen so that varying the oxygen-nitrogen 
ratio makes very little difference in the manometer drop for ether. 

Our methods for preparing and storing specific concentrations of anes- 
thetic gases in nitrogen, oxygen, or nitrogen plus oxygen have been described 
in detail because some other workers have reported considerable difficulty in 
these matters. Thus Haggard" states: ‘‘In carrying out the work presented 
in this series of papers, the author has been repeatedly confronted by a situation 
similar to Spenzer’s. Carefully prepared ether-air mixtures have given an 
analysis of almost exactly one-half the calculated figure. A prolonged and un- 
successful effort has been made to account for the discrepancy in the results.’’ 

Using the methods described in the preceding pages, our ether mixtures 
gave analytic figures which agreed almost perfectly with the caleulated values. 

We have not yet tested some of the newer homologues of diethyl ether but 
there seems to be no reason why this apparatus may not be used for the deter- 
mination of these compounds in mixtures with air or oxygen. 


SUMMARY 

1. This paper describes a simple apparatus for continously indicating the 
concentration of certain anesthetic gases during surgical anesthesia. 

2. The rebreathed gas from an anesthetic machine is passed through a 
capillary tube and then through a fine orifice. An oil manometer, bridging the 
ends of the capillary tube, registers the combined effect of changes in viscosity 
and density due to the concentration of the anesthetic gas. 

3. The gas flow through the apparatus is about 100 ¢.c. per minute and the 
suction distal to the orifice needs only be maintained above about 400 mm. of 
mereury. 

4. Since changes in oxygen concentration cause a small shift in the ma- 
nometer base line, the entering gas is occasionally shunted through a tube of 
charcoal or other absorbent in order to adjust the base line. 

5. The apparatus will accurately record the concentration of ether, cyclo- 
propane, ethylene, and nitrous oxide when these are singly present in nitrogen 
or nitrogen plus oxygen. It will also indicate the approximate concentration of 
oxygen in nitrogen. 

6. The procedure may be modified to determine the concentration of two 
of these anesthetic gases in rebreathed air. 

7. Methods are described for preparing specific concentrations of anesthetic 
gases in nitrogen or nitrogen plus oxygen. For storing these mixtures without 
appreciable loss, a flexible aluminum gas bag was developed. 

8. Readings obtained with the instrument are presented showing the con- 
centration of ether and oxygen in the rebreathed gas during six surgical 
operations, 
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A MODIFIED LOEFFLER’S MEDIUM FOR CULTIVATING 
CORYNEBACTERIUM DIPHTHERIAE 


THEODORE C. Buck, JR. 
BaLTIMoRE, Mp. 


INCE Loeffler first published his formula for cultivating C. diphtheriae, 

numerous modifications of his medium have been reported. In 1932, Pai? 
found that a coagulated egg medium supported growth of the Corynebacterium 
for all diagnostic purposes. Pai’s medium had the disadvantage that a great 
many surfaces were irregular and pitted with air holes, with resultant losses of 
media batches. 

For the past several years a modified Loeffler’s medium, with incorporated 
ege, has been used successfully in this laboratory. This medium is superior to 
the routine Loeffler and the Pai media both in the cultivation of C. diphtheriae 
and in the demonstration of chromogenesis. Because of the many requests 
which we have received for our formula, it was decided to submit it for publica- 
tion. 

EXPERIMENTAL 


In the study of Pai’s medium it was thought that the growth-promoting 
factor supplied by egg was a sulfur derivative. However, incorporation of 


sulfur-containing amino acids into our routine Loeffler’s Trypticase medium* 


showed no significant additional growth promotion. Accordingly, trials were 
made in which whole fresh egg, previously beaten for about five minutes with a 
rotary egg beater, was added in varying quantities to the Loeffler medium.* The 
media were then inoculated with test organisms. Best results were obtained 
with a ratio of one whole fresh egg added to 1 liter of medium.’ 


THE FORMULA 


Trypticase (Peptone) * 20 Gin. 
Salt 5 Gm. 
Dextrose 10 Gm. 
Water 500 @.e. 
Heart infusion broth (double strength ) 500 @.e. 
Whole egg (well beaten) 1 


Ox serum was added in the ratio of 3 parts to 1 part of the broth formula. 
The pH was then adjusted with 2 per cent dipotassium phosphate, about 30 
milliliters. It is important to obtain a pH of 7.8 to 8.0 before inspissating. 
The final pH, as determined in the water of syneresis in the bottoms of the tubes 
after inspissating, should be pH 7.6 to 7.8. 

From the Bureau of Laboratories, Baltimore City Health Department. 


Received for publication, Dec. 39, 1948. 
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MODIFIED LOEFFLER’S MEDIUM 


COMPARISON WITH ROUTINE MEDIUM 


. Microscopie observations of approximately two hundred smears made from 
virulent and avirulent strains grown on the modified medium, in comparison 
with the routine medium,’ showed the metachromatic bodies to have an intensi- 
fied color and to be more brilliant and more sharply defined when stained with 
Loeffler’s methylene blue. The large bizarre types A, B, and C of Westbrooke* 
were markedly differentiated, as were the polar and bipolar bodies. 

The growth phase was enhanced. Perceptible growth is generally observed 
on the new medium and not ‘on the routine at the end of four or five hours of 
incubation at 35° C. Smears made from these young cultures showed even more 
marked chromogenesis than described. 

The modified medium, prepared as described, is now used routinely in this 
laboratory. A dehydrated form is also commercially available.* 


REFERENCES 


. Loeffler, F.: Berliner militararztliche Gesellschaften Sitzung, Centralbl. f. Bakt. und 
Paras. 2: 105, 1887. 

2. Pai, S. E.: Simple Egg Medium for Cultivation of Bacillus Diphtheriae, Chinese M. J. 
46: 1203, 1932. 

3. Kaplan, E., and Buck, T. C., Jr.: Unpublished data, 1944. 

. Westbrooke, F. F., and others: Studies Upon the Distribution of Certain Varieties of the 
Diphtheria Bacillus, J. Bost. Soe. M. Se. 4: 75, 1900. 


*Baltimore Biological Laboratory, Baltimore 18, Md. 





AN EXPANSILE NEEDLE FOR THE INTRODUCTION OF 
INTRAVENOUS CATHETERS 


ALFRED P, FisHMAN, M.S., M.D.* 
CuHIcAGo, ILL. 


ARDIAC catheterization usually entails the sacrifice of a peripheral vein. 

During the course of the procedure, a peripheral vein is isolated sur- 
gieally, incised for the introduction of the catheter, and finally ligated. A 
wide-bore needle has been employed to pass the catheter into the vein, but its 
use necessitates a small catheter and a large vein. A split needlet capable of 
being expanded following its entry into a vein makes it possible to insert wide- 
bore catheters through the puncture opening, minimizes surgery, and permits 
subsequent reutilization of the same vessel. The manipulations incident to the 
passage of the catheter are reduced to those involved in venipuncture. 


The needle (Figs, 1 and 2) consists of three parts: an outer split shell, a 
shaft, and a central stylet. The shell consists of two halves joined by a screw 
device to permit retraction from, and approximation to, the inner shaft. Its 
proximal end is adapted to receive the end of a syringe barrel. The shaft is a 
fine-bore, thick-walled needle with sharp tip, to whieh the shell is clamped by 
clockwise rotation of the screw. The fine stylet closes the lumen in the shaft. 


In practice, the assembled needle is inserted through the incised skin into 
the vein lumen. The vein is not dissected free; its posterior attachments are 
left intact. Following insertion of the needle, its position in the vein lumen is 
verified by withdrawing the central stylet. If free blood flow is observed, the 
stylet is replaced, the shaft is withdrawn, the vein puncture opening spread by 
rotation of the screw, and the catheter inserted. The catheter is then advanced 
as the needle shell is withdrawn. At the termination of the procedure, following 
removal of the catheter, bleeding is usually minimal and readily controlled by 
pressure and Gelfoam. 


The needle has been used successfully a number of times in dog and man 
for the introduction of cardiae catheters. The external jugular vein in the dog 
has been catheterized at weekly and semiweekly intervals. Gross examination 
has revealed searring at the site of previous puncture with patency of the vessel 
lumen above and below the starred zone. 

From the Cardiovascular Department, Medical Research Institute, Michael Reese Hospital. 

The Department is supported in part by the Michael Reese Research Foundation. 

Received for publication, Feb. 3, 1949. 

*Dazian Fellow. 
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_ Thus, the expansile needle has been found useful in simplifying the pro- 
cedure of cardiae catheterization. Its use can obviously be extended to the 
introduction of other tubing (e.g., nonreactive plastic) into veins. 


ADDENDUM 


Since submission of the manuscript for publication, the expansile needle has been 
used in dogs to introduce catheters and electrodes into the left side of the heart through 
the carotid artery. By clamping the cardiad portion of the vessel prior to the introduction 
of the catheter, and releasing it only after the catheter has entered the artery, bleeding is 
minimal because of the contraction of the vessel around the catheter. 


Acknowledgment is made to Dr. L. N. Katz for encouragement and advice. 





THE UPTAKE OF RADIOACTIVE PHOSPHORUS BY MALIGNANT 
BRAIN TUMORS 


THEODORE ©. ErIcKSON, M.D., FRANK Larson, M.D., AND EpGar 8. Gorpon, M.D. 
MApIson, WIs. 


HE use of the radioactive isotope of phosphorus as a therapeutic agent in 

polyeythemia vera and the leucemias has stimulated interest in its possible 
value in other diseases, but especially in malignant neoplasms. Studies that 
have been reported thus far on the affinity of carcinoma cells for inorganic phos- 
phate, for the most part, have been disappointing.’ 2 Neoplastic cells of most 
types do not appear to have an active enough phosphorus turnover rate to per- 
mit isotope concentrations that even approach the therapeutic range. Because 
of the high phosphate content of normal brain tissue even though its metabolism 
is not especially active,’® it occurred to us that possibly glioblastoma multiforme, 
by virtue of its rapid growth, might manifest an avidity for circulating inorganic 
phosphate that would make it possible to secure significant intracellular concen- 
trations of P.*? 


EXPERIMENTAL 


In order to test this possibility, sodium phosphate containing radioactive phosphorus* 
was injected in three different ways into patients with malignant brain tumors, in doses of 


_ 


either 5 or 10 millicuries. Injections were made into the median basilic vein in the ante- 
cubital space, into the carotid artery, or locally into the tumor. At varying times after ad- 
ministration, biopsy material was obtained both from the tumor and from adjacent normal 
brain tissue. These tissues then were tested for concentration of radioactivity, both in the 
form of gross specimens and more carefully after chemical treatment. This treatment con- 
sisted of digestion with sulfuric acid followed by precipitation, according to standard ana- 
lytic techniques, of the phosphorus as phosphomolybdate, in which form it was counted. 

In order to obtain information on the distribution of this phosphorus within the tissue 
components, chemical fractionation studies on normal and tumor tissue were carried out 
aceording to the technique of Schneider‘, 5,6 by means of which the total tissue phosphorus 
is divided into four fractions: acid soluble, alcohol-ether soluble, ribonucleic acid, and 
desoxyribonucleic acid. The procedure used was as follows. 


The tissue under study was removed during operation and immediately frozen by immer- 
sion in liquid air. About 400 mg., accurately weighed, of the frozen tissue were homogenized 
in 2 ml. of distilled water. To 1 ml. of this homogenate were added 2.5 ml. of 10 per cent 
trichloracetic acid at 0° C. The precipitate was separated by centrifugation and washed four 
times with 2.5 ml. of 10 per cent trichloracetic acid. The supernatants were combined and 
made up to 15 ml. with distilled water. This fraction contains inorganic and organic ester 
phosphorus and is designated the ‘‘acid soluble fraction’’ (Fraction 1). All procedures were 
carried out at or near 0° during the separation. 
sie i the Departments of Neurosurgery and Medicine, University of Wisconsin Medical 
scenool,. 


This investigation was supported by funds provided by the Wisconsin Alumni Research 
toundation administered by the Research Committee of the Graduate School. 
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; The residue from the acid extraction was suspended in 1 ml. of water and then 4 ml. 
of 95 per cent alcohol were added. The suspension was thoroughly mixed and centrifuged, 
and the supernatant was decanted, The residue was washed four times with 5 ml. of 95 
per cent aleohol and then three times with 5 ml. of a boiling ether-aleohol mixture. The 
supernatant and washings were collected and made up to 25 ml. with alcohol. This fraction 
contains the ether-alecohol soluble phosphorus and consists chiefly of phospholipids (Fraction 2). 

The residue from the ether-alcohol extraction was suspended in 2.5 ml, of IN KOH and 
the mixture incubated for twenty hours at 37° C. To the resulting clear solution, 0.6 ml. of 
6N HCl and 3 ml. of 5 per cent trichloracetic acid were added. The precipitate formed was 
separated by centrifugation. The supernatant contains the pentose nucleic acid and phos- 
phorus from the phosphoprotein. This was decanted and made up to 10 ml. with distilled 
water (Fraction 3). 

The desoxyribonucleie acid remains with the residue and was brought into solution by 
boiling with 5 per cent trichloracetic acid. The residue was separated and discarded. The 
supernatant was made up to 10 ml. and designated the desoxyribonucleic acid fraction (Frac- 
tion 4). 

Duplicate 0.5 ml. aliquots of each fraction were dried under an infrared lamp and the 
phosphorus was then determined quantitatively in each case, using the method of King.7 
Counting of the radioactivity was done with a thin-walled mica window counting tube and 
standard sealing assembly. The number of counts per 100 Gm., divided by the milligrams 
of phosphorus per 100 Gm. is designated the ‘‘specific activity’? of the fraction. 

A series of in vivo counts over the tumor sites were also made on each patient at vary- 
ing intervals after administration of the test dose. These counts were made with a standard 
gamma tube and scaling circuit. In vivo counting was surprisingly successful despite the 
fact that P32 emits only a high energy beta particle (1.7 mev). 

: RESULTS 

Table I shows the quantitative uptake of P** by tumor as compared with 
normal brain tissue in ten subjects with intracranial tumor. Table II shows the 
fractionation of tissue phosphorus in four subjects studied by this technique. It 
is clear from these data that there has been an increase in concentration of the 
phosphorus in the tumor tissue in every instance as compared with the normal 
brain; the ratios vary from 1.6:1 to 29:1. The highest concentration obtained 
after intravenous injection is 19:1 in subject CA, in which case the white matter 
appears to be slightly less active than the gray matter. In general there ap- 
pears to be a rough correlation between the phosphorus uptake and the antici- 


TABLE I 











INTERVAL — COUNTS/ | COUNTS/ 
DOSE TO MIN./GM.| MIN./GM. 
SUBJECT | (MC.) | BIOPSY DIAGNOSIS TUMOR 


NORMAL | RATIO | ROUTE 
AW H 7 days Control 4,500 4,500 :1 ~=Loeal 
3,4 





AA 45 hr. Glioblastoma M. 80 770 2:1 Carotid 

RG : 96 hr. Glioblastoma M. 4,770 162 29: Local 

CA 53 2 hr. Melanoblastoma 2 266 (W) 122 9: | 
(G) 146 ; 

JP 6 48 hr, Glioblastoma M. 1,006 474 ils LY. 

IR 18 hr. Gliobiastoma M. 3,200 245 a EVs 


MK 2 hr. Craniopharyngioma 13,618 None taken Oral 

so 18 hr. Meningioma 25,075 5,288 Bie LN. 

LR 10 18 hr. Glioblastoma M. 450,870 (W) 39,960 : TN 
(G) 33,146 13: 

SK 10 24 hr. Oligodendroglioma 37,950 21,290 Aor LV. 
11 days 58,460 36,800 a 


W, White matter. 
G, Gray matter, 














gsi Geneon Sang PDR ne asc Lae A as ue eR 


sh sway 


UPTAKE OF RADIOACTIVE PHOSPHORUS BY MALIGNANT BRAIN TUMORS 589 


TABLE IT 








COUNT/100 GM. 
FRACTION| P IN MG./100GM. TISSUE x 105 SPECIFIC ACTIVITY 





84.2 6 15.3 
56.1 p = 
19.4 0. 3.88 
28.3 0.014 
TUMOR NORMAL TUMOR NORMAL TUMOR NORMAL 
63.0 40.0 11.250 2.80 1.78 7.0 
62.0 183.0 7.43 1.03 1.20 0.57 
40.4 18.4 6.05 1.27 1.50 6.9 
39.1 8.14 345 0.18 .088 2.21 
72.0 53.3 280.0 14.9 38.8 2.78 
80.1 208. 121.0 2.26 15.1 0.109 
31.1 16.0 47.7 22.8 15.3 14.25 
22.1 4.7 Ally 0.0 0.98 -- 
68.4 56.0 9./ 18.8 5.77 3.36 
57.5 193.4 5. 4.9 0.94 0.25 
7.5 “ 11.5 16.4 5.7 
9.48 4.97 36 1.6 1.43 3.2 


64, ). 8.35 0.50 

a VALI os 5.35 1.87 

5. ~ 19.8 6 6.63 4.08 
0: 8.5 2.6 0.96 1.96 


Fraction 1, acid soluble P. 
Fraction 2, alcohol soluble P. 
Fraction 8, ribonucleic acid P. 
Fraction 4, desoxyribonucleic acid P. 


Subject MK 
Craniopharyn- 
gioma 


H CODD 


Subject SO 
Meningioma 


YD 


oO 


Subject IR 
Glioblastoma 
multiforme 


Subject SK 
Oligodendrog- 
lioma 
(24 hr.) 


(11 days) 


€ 


Robe PW RwbHe 





pated metabolic activity of the tissue as judged on the basis of the degree of 
malignaney. In the fractionation studies, likewise, concentration by the tumor 
exceeds that by normal brain in every instance but one (Subject SK, Fraction 
4). Concentration of phosphorus in Fraction 4 is lower than the others, as would 
be expected, but rises with the passage of time, as indicated by the second biopsy 
in Subject SK. The lack of any concentration in Subject AW (Table I) is due 
to the fact that the tumor had been removed surgically several days before ad- 
ministration of the phosphorus, and the specimen was obtained from the area 
immediately underlying the area of removal which was subsequently shown his- 
tologically to be free of tumor tissue. 

In vivo counts were only moderately successful with the apparatus used 
thus far. Inereased counts over the tumor sites were recorded quite consistently, 
but the ratios of increase were small and the localizing value of this technique 
for diagnostie purposes is to be determined. 


DISCUSSION 


A period of several years would be necessary to evaluate properly any thera- 
peutic effect that may be obtained from the radiation derived from this isotope, 
and such information is not available at the present time. To anticipate 
a beneficial response, selective absorption of the isotope in high concentration by 
the tumor tissue is a prerequisite, but, in addition, a high stability of its in- 
corporation in cell protoplasm with a low turnover rate is also desirable. In 
this connection, phosphorus incorporated in nucleoprotein is known to be more 
stable than that in the phospholipid or ester fractions. For this reason our 
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interest centers chiefly about the more stable intranuclear and cytoplasmic phos- 
phorus of Fractions 3 and 4 (vide supra). Desoxyribonucleic acid (fraction 4) 
occurs chiefly in the nuclei of cells and is believed to serve an important func- 
tion in cell division. Ribonucleic acid (Fraction 3) is a constituent of cytoplasm 
and nucleoli of cells and appears to play a dynamic part in metabolic activity, 
especially in those cells in which active protein synthesis is occurring. There is 
some reason to believe® that the desoxyribonucleie acid of the nucleus is formed 
at the expense of cytoplasmic ribonucleic acid, and since the rate of this reaction 
correlates with the rate of tissue growth,® it may be inferred that the nuclear 
fraction is built up during mitosis. Brues, Tracy, and Cohn’ have shown that 
desoxyribonucleie acid phosphorus is very stable in the nongrowing organ. Its 
rate of turnover is surprisingly slow, especially in contrast to that of the ribo- 
nucleic acid fraction. These same authors have demonstrated the rate of desoxy- 
ribonucleic acid phosphorus accumulation in experimental hepatoma to be inter- 
mediate between resting and regenerating liver. If these data are applicable to 
malignant brain tumors, the higher metabolic activity of growing neoplastic 
cells might be expected to show a greatly augmented phosphorus metabolism, 
leading finally to a sharp rise in the more stable nuclear fraction. Based upon 
the same reasoning, it might also be anticipated that repeated administration 
of P*? to maintain a constant supply of inorganic isotopic phosphate in the 
metabolic pool would lead to the accumulation of a higher desoxyribonucleic 
acid phosphorus (P**) concentration than could be obtained from a single dose 
of the isotope. Thus, on theoretical grounds there is some justification for the 
administration of thirty doses of 333 microcuries each, in preference to a single 
dose of 10 millicuries, if a sustained radiation effect for therapeutic purposes is 
to be maintained. This principle should be equally applicable to any rapidly 
growing malignant tumor by virtue of its high metabolic and growth rates. In 
any clinical use of P*? the capacity of normal, metabolically active tissues, espe- 
cially bone marrow, to withstand the radiation will be the limiting factor. Addi- 
tional investigation of this principle demands further attention. 


SUMMARY 


1. Inorganie phosphate containing P*? was administered parenterally to 
patients with malignant intracranial tumors. 


2. Biopsy material was obtained, after which, by means of standard chem- 
ical techniques, the ratio of concentrations of radioactivity in tumor and normal 
brain tissue was shown to rise to as high as 19:1. 


3. Chemical fractionation of tissue phosphorus showed a small but signifi- 
eant concentration in the nucleoprotein of both cytoplasm and nucleus. The 
implications of these findings are discussed. 
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TISSUE RESPONSES TO PHYSICAL FORCES 


II. THE RESPONSE OF CONNECTIVE TISSUE TO PIEZOELECTRICALLY 
ACTIVE CRYSTALS 


Sitas M. Evans, M.D., AND WALTER ZEIT, PH.D. 
MILWAUKEE, WIS. 


I. INTRODUCTION 


ILE manner in which biologically active dusts produce fibrotic reactions in 

tissues has stimulated much thought and research. The development of 
this problem has been reviewed frequently, most recently by Machle.* There 
is general agreement among authors that present explanations cannot be 
reconciled with all experimental and clinical observations. The observations 
unexplained will be recalled later in this discussion. 

The interrelationship between various endogenous and exogenous fibrotic 
stimuli has increased the complexity as well as the importance of this problem. 
It is recognized that the biologie activity of quartz dust and of tuberculosis 
is interchangeable and ‘‘symbiotically’’ additive.? Crystalline cholesterol and 
other ‘‘endogenous’’ substances bear similarly interchangeable relationships 
with quartz and the phospholipid of tubereulosis.* Fibrogenesis appears to be 
a common response to many stimuli. Indeed, fibrogenesis seems to be in- 
fluenced more by biologie variation and the site of involvement than by the 
specificity of its stimulus. 

Since different stimuli produce a common biologie response, it appears 
that apparently dissimilar fibrogenic stimuli might share some ‘‘common 
denominator.’’ This notion is strengthened by the interchangeability of 
quartz and tubereulosis, and by the inereased response produced by adding 
one to the other. 

We have assumed that, if a living organism survives, its response to in- 
jury is purposeful. An examination of the functional qualifications of a 
reaction should, therefore, provide valid inferences as to the nature of the 
injury. Fibrous tissue has not been demonstrated to offer a barrier to the 
diffusion of substi nees in solution beyond that usually offered by the tissue 
it replaced. Fibrous tissue has not been shown to detoxify a toxin, neutralize 
a poison, or fix an antigen. While young fibroblasts are possibly related to 
phagocytosis, phagocytosis is hardly a functional defense against a ‘‘poison- 
ous solution.’’ It is apparent that a fibrous reaction is not able to offer fune- 
tional defense against the ‘‘slowly soluble poison’’ which is considered by 
most investigators to be the mechanism of injury in silicosis.? 

Fibrous tissue in normal physiology provides structural support against 
stress in a physical sense. Fibrous proliferation should, therefore, be stimu- 


lated by stress or the need for support. The osteoblast clearly responds along 
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stress vectors as is so plainly shown in the architecture of long bones. Per- 
haps its parent cell, the fibroblast, is similarly responsive. 

The architecture of the silicotie whorl conforms closely with the equations 
of force. This is clearly demonstrated by its similarity to the stress lines 
depicted with a magnet and iron filings. (This is illustrative and is not in- 
tended to imply that magnetic force is thought to be fibrogenic.) 

Perhaps the notion that fibrous reactions are best equipped to confine 
stress is what led early observers to the ‘‘sharp point’’ view of silicosis. Were 
‘‘sharp points’”’ the functional stimulus, one would expect the reaction to stop 
when the points were blunted, rather than continue beyond any apparent 
need. 

II. THEORETICAL CONSIDERATIONS 


As has been stated already, fibrous tissue proliferations function as sup- 
portive components in normal body economy and are best qualified to fill this 
role in disease as well. It also has been emphasized that even as fibrous tissue 
responds along stress vectors in normal growth, it also distributes itself archi- 
tecturally in close conformity with Newton’s ‘‘equations of foree’’ when it 
forms the predominant reaction to an injury. These observations, though 
elementary, clearly demand that a careful search for a factor of stress in the 
physical sense be made wherever fibroblasts proliferate in a superfluous man- 


ner. 
As stated in a preliminary paper,’ it has been observed that there is a 


direct relationship between the ability of a dust to produce a fibrotic reaction 
in tissue and the erystal symmetry of the dust. Asymmetrical (piezoelectric) 
dusts are observed to be fibrogenic; whereas, symmetrical (nonpiezoelectric) 
dusts are benign. 

Piezoelectricity is that property of certain solid materials which effects, 
when conditions are proper, a transference between electrical and mechanical 
energy states. This transference operates in either direction. As an example, 
it is this property of quartz which permits the use of quartz erystals in phono- 
graphs, where energy is converted from a mechanical vibration produced by 
the record’s groove to the electric current which energizes the loud-speaker. 

It is necessary to present some definitions of terminology to be used in 
the discussion of the piezoelectric phenomenon as it relates to biology. 

Piezoelectricity—Piezoelectricity is the property, possessed by some erys- 
tals, of developing electric charges when compressed or extended in particu- 
lar directions. Conversely, when a potential difference is applied to suitable 
points on such a erystal, it expands or contracts. Piezoelectric properties can 
occur in all crystals lacking a center of symmetry.® 

It may be stated with authority® that molecularly symmetrical erystal 
material cannot possess piezoelectric properties. When matter exists in a 
erystal which has no point of central molecular symmetry, it is then potenti- 
ally qualified as piezoelectric. 

All erystals exist with a molecular orientation which classifies them in 
one of thirty-two classes. Only those erystals belonging to classes lacking a 
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central point of symmetry can be piezoelectric. In a preliminary report* it 
was shown that, where data are available, benign dusts uniformly belong to 
symmetrical crystal classes, while fibrogenic dusts belong to asymmetrical 
classes. A few special instances of dusts requiring further comment as ap- 
parent exceptions will be considered later. Approximately 10 per cent of 
minerals existing in nature have molecular orientation compatible with the 
property of piezoelectricity.” 

One must consider what sources of energy might activate the mechanism 
if the fundamental stimulus in fibrous reactions is considered as a transforma- 
tion of noninfluential energy states through piezoelectricity to forms of energy 
which comprise biologically influential stress. There are several possible 
sourees of energy which suggest themselves. 

1. Electromagnetic fields may exist in nature continuously or in ‘‘bursts’”’ 
in sufficient concentration and at proper frequency to produce mechanical 
distortions of receptive particles within tissue. 

2. Electropotential reversals occurring in normal physiology could pro- 
duce momentary physical distortion in receptive particles. 

3. Fluetuant pressure variations secondary to pulsant circulation, respira- 
tion, cough, strain, position change, ete., might induce polarity and electric 
current on a receptive particle. 

4. Within a deposition composed of many packed particles, either re- 
sponse in one particle might induce the opposite response in any neighboring 
deposit within its sphere of influence. 

5. Thermal variations within the animal can produce variations in electro- 
potential and distortions in shape in receptive crystals (secondary piezoelectric 
effect) .°” 

There have been many clues recognized by biologie observers that lead 
one to believe the conventional deseription of a biologie environment is in- 
complete. This topie will be discussed later in the light of intensity and fre- 
quency of the energetic field within which the host is situated. 

Purely for test purposes, a number of ‘‘postulates’’ for a fibrosive dust 
have been conjectured. These are listed at this point as they summarize in a 
practical manner the theoretical considerations so far presented. 

““Postulates’’ for a Biologically Fibrosive Dust.— 

1. Relative insolubility in body fluids to allow particles to remain in situ 
long enough to be effective. 

2. Asymmetrical crystal class compatible with piezoelectric properties. 

3. Electrically nonconductive as conduetivity will ‘‘short ecireuit’’? and 
nullify the piezoelectric effect. 

4. Proper particle size, small enough to be energized by existing coneentra- 
tions of force fields, yet not so small that they be ‘‘out of reach’’ of existing 
electromagnetic frequencies or so small that their induced strain might be 
‘“subfibrogenic.’’ 

5. Sufficient particle concentration per unit mass of tissue so as to allow 
sufficient magnitude of physical effect to stimulate the reaction, or to allow 
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reciprocal physical influence between the unit particles, thereby permitting the 
deposition to become a system operating in resonance. 


III, EXPERIMENTAL PROCEDURE 


The purpose is (1) to determine if molecular asymmetry and _ piezo- 
electricity are fundamental in the biologie activity of dusts, and (2) to de- 
termine the sources and forms of energy involved in the energy transferral 
mechanism. 


Purpose 1.—To determine if molecular asymmetry and piezoelectricity are 
fundamental in the biologie activity of dusts. 

General Statement.—Rats and rabbits were used in the experiments. The materials to 
be tested were first ground to desired size. Introduction of the material into the animal’s 
body was done in different ways. In the early experiments the ground material was suspended 
in physiologic salt solution and sterilized. It was then injected into the peritoneal cavity with 
a modified syringe. 

Because of difficulties due to plugging of the needle of the syringe, and because in some 
experiments it was desirable to use larger sized particles, this first method was modified. 
A small incision was made in the ventral abdominal wall, a small sterile funnel inserted, and 
dry sterile powder introduced through the funnel. The funnel was washed down with a 
small quantity of sterile physiologic salt solution. The quantity of material introduced in this 
way was always 100 milligrams. The incision was then closed with a skin clip. After closing 
the incision, the abdomen of the animal was gently massaged to distribute the material in 
the abdominal cavity. 

In some animals the material was introduced into the trachea. The trachea was 
exposed and material forced down the tube toward the lungs with a modified syringe. Fifty 
milligrams was the quantity always introduced by this method. 

In another group of experiments, the sterile m4terial was introduced by intravenous 
injection. Rabbits were used in all of these experiments. By one or more injections, a total 
of 1 Gm. of material was injected into a vein of the ear. 

For purposes of comparison, six animals were prepared with powdered quartz, The 
animals were sacrificed at varying intervals of time and microscopic sections prepared. The 
well-known typical reaction to quartz is shown in Fig. 3. 

Wulfenite (Lead Molybdate); Crystal System—Tetragonal; Crystal Class— 
Tetratohedral.—This material was the major test substance used in preliminary 
experiments which were reported. Unfortunately, the supply of material 
on hand became exhausted and material of identical x-ray diffraction pattern 
has been thus far unobtainable. The reason for the selection of this material 
and the description of the experimental results were given in the preliminary 
report. 

Forty-seven rats were prepared by injecting suspensions of wulfenite 
into the peritoneal cavity. The animals were sacrificed at different intervals 
from one to fourteen weeks. Four of the rats are still living. The average 
length of time the animals were allowed to live was thirty-four days. 

Wulfenite had caused extensive fibrogenesis in animals which were sac- 
rificed after seven days. Large numbers of fibroblasts were accumulated 
around the particles of wulfenite. There was a tendency to form whorls. 
In some instances, younger connective tissue cells were present. These were 
irregular stellate cells surrounded by a homogenous intercellular substance. 
There was a tendency to the formation of collagenous fibers in animals in 
which the experiments were continued for a longer period of time. See Fig. 5. 
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Two of the rats were killed by exsanguination at six weeks. The blood 
was allowed to dry by evaporation and the residue was spectrographically 
analyzed. No lead or molybdenum was present. As the technique employed 
is sensitive to amounts of molybdenum as low as one part in a billion, and 
for lead, one part in one hundred million, it was apparent that solubility 
could not explain the reaction produced. 

Barium Titanate; Crystal System—Cubic; Crystal Class—Undeternuned.— 
This synthetic material has recently excited much interest in the physical fields 
and the ceramic industry. It possesses a very high dielectric constant, and 
its piezoelectric coefficients are far in excess of those possessed by quartz.§ 
The material used in this study was analyzed by an independent metallurgic 
laboratory and was found to contain less than 0.2 per cent silica. The material 
was insoluble in any pH conceivable in animal tissue. The material was re- 


ceived in a particle size below 10 » and no ball milling was necessary. 


Twenty-five rats were injected intraperitoneally in the usual manner with 
suspensions of the material. These animals were sacrificed at periodic inter- 
vals from one to eight weeks with an average of twenty-four days’ duration 
for the group. 

Results: By the end of the first week, the barium titanate depositions 
were noted to have become arranged in well-defined whorls, and a fibroblastie, 
relatively avascular reaction was already well defined. Giant cells and mono- 
cytes were not as numerous as with some of the other materials tested. As the 
time interval progressed, the whorls became increasingly fibrotic and col- 
lagenic. Based on experiences with quartz, it was observed that barium 
titanate was highly active in producing fibrogenesis in tissue. See Fig. 10. 

Four rats from the six-week duration group were killed by exsanguina- 
tion. The blood obtained was allowed to dry and the residue subjected to 
spectrographie analysis. No barium or titanium lines were found. This an- 
alytie technique is qualitatively sensitive for barium or titanium when traces 
of either element are present in as low as one part in a billion for titanium and 
one part in one hundred million for barium. It is, therefore, safe to say that 
there was no solution of the barium titanate from the sites of deposition. 


’? explanation for 


These data are advanced to answer any ‘‘chemical solution 
the fibrous reaction. 

Nine rabbits were prepared by injection of a full gram of barium titanate 
in divided doses into the ear veins. This dose was accomplished in less than 
a week in all eases. These rabbits were sacrificed from two weeks to seven 
weeks after the completion of the preparation. Again, excessive fibroblastic 
reactions were noted at the site of barium titanate depositions. Interstitial 
pulmonary fibrosis, mesenteric fibrosis, and hepatie cirrhosis conforming to the 
distribution of the erystal were apparent in all animals. 

It was observed that the reaction to this material in rabbits prepared 
intravenously was the same as that observed in rats. 

Tourmaline (Aluminum-Boron Silicate); Crystal System—Trigonal; Crys- 
tal Class—Hemimorphic Hemihedral.—tThis silicate is of historie interest be- 
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cause it is the substance in which the property of piezoelectricity was first de- 
scribed. It is of additional interest in that it does not have true right and left 
forms such as seen in quartz. 

Eight white rats were prepared in the usual manner by intraperitoneal 
injection of a suspension of powdered tourmaline. 

Four of the eight white rats were found dead in the fifth week of the ex- 
periment. Death had occurred over a week end and all were found on the 
same morning. They were all too far decomposed for histologic preparations. 
Gross fibrosis was present in all instances. Food and fresh water remained 
unconsumed and the cause of death was not determined. The experiment is 
being repeated in larger numbers to ascertain any possible significance of these 
deaths. 

Two animals were killed at three weeks, and two at four weeks. Fibrotie 
reaction to the material was very excessive, and intercellular collagen deposi- 
tion was well developed by the end of the fourth week. See Figs. 11, 13, 
and 15. 

Berlinite (Aluminum Orthophosphate); Crystal System—Trigonal; Crys- 
tal Class—Enantiomorphous Hemihedral.—Berlinite is aluminum orthophos- 
phate which is physically and erystallographically isomerous with quartz. 
Our material was grown out of solution by the originators of a method de- 
veloped to synthesize crystals for physical purposes. The material is soluble 
in acids, but insoluble in neutral solutions. The similarity in erystal strue- 
ture between berlinite and quartz is illustrated by the striking similarity in 
their x-ray diffraction patterns. See Figs. 1 and 2. 

Kight white rats were injected intraperitoneally in the usual manner, 
using a ball milled powder of requisite particle size. These animals were sac- 
rificed as follows: four at two weeks, two at three weeks, and two at five 
weeks. 

At two weeks, a well-developed fibrotic response was observed with con- 
siderably more monocytic and giant cell reaction than was seen with quartz 
or barium titanate. This monocyte response was noted in our studies wher- 
ever materials of greater relative solubility were used. 

As time elapsed, the fibrous reaction advanced and became more mature. 
By five weeks, there was considerable intercellular collagen deposited. See 
Fig. 4. 

Aluminum Phosphate (Reagent Grade).—This material was selected origi- 
nally for a control. It was determined to be amorphous by x-ray diffraction 
prior to preparation for injection. The material is insoluble in neutral 
solvents but is soluble in acid solvents. 

Six rats were injected intraperitoneally in the usual manner with sus- 
pended aluminum phosphate. These animals were killed in pairs at three 
weeks, five weeks, and six weeks. 

A spectacular fibroblastic reaction was observed at three weeks which 
inereased with time, and by six weeks fibrous nodules as large as 1 em. in 
diameter were distributed throughout the peritoneum. Many giant cells were 
noted about the depositions of aluminum phosphate. 
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. It was observed that, as time elapsed, fracture lines and facets appeared 
in the aluminum phosphate depositions which then resembled the berlinite 
deposits. The fibrous reactions were histologically similar to those seen with 
berlinite. This unexpected result from an intended control experiment will 
be considered in the discussion. See Figs. 9, 12, 14, and 16. 

Cholesterol.—The crystal class of cholesterol is not certain, but, because 
of its known fibrotic activity when deposited in tissue in its solid crystal 
state, a series of experiments was included in this study. Commercial choles- 
terol in powdered form was x-ray diffracted and its erystal state was estab- 
lished. 

Eight white rats were injected and were sacrificed at the following inter- 
vals: two at three weeks, two at four weeks, two at six weeks, and two at 
eight weeks. Several frozen sections of lesions were made in addition to the 
usual preparations, because xylol removed the cholesterol crystals leaving 
spicular spaces at the sites of previous crystal deposits. 

The fibroblastic response was early and very active. Giant cell forma- 
tion was prominent and similar to the reaction produced by aluminum phos- 
phate. By eight weeks a mature nodule had developed. Intercellular collagen 
formation was prominent. See Figs. 6 and 8. 

Silicon Carbide (Carborundum); Crystal System—Hezagonal; Crystal 
Class—Holohedral_—This material was included as a control because it is 
not piezoelectric and is known to be nonfibrosive. Six rats were injected 


intraperitoneally in the usual manner. These animals were sacrificed in pairs 


at two, six, and eight weeks. 

The reactions observed did not exeeed simple foreign body eneapsula- 
tion. See Fig. 19. 

White Mica; Crystal System—Triclinic; Crystal Class—Prismatic.—Miea 
was included in this study as a control as it belongs to that group of silicates 
including tale and asbestos which produces variable biologic response. 

Seven white rats were prepared intraperitoneally in the usual manner. 
Six animals were sacrificed at five weeks and one at six weeks. 

Four of the animals were observed to show no reaction beyond simple 
foreign body eneapsulation. Two showed a moderate fibrotic response, and 
the animal sacrificed at six weeks showed a well-developed reaction. See 
Fig. 20. 

Fused Quartz and Ground Pyrex Glass.—Glass is a ‘‘superviseous fluid.’’ 
Its viscosity prevents its becoming oriented molecularly into the preferred 
‘‘low energy’’ erystal state. 

Because it lacks crystalline structure, it possesses no piezoelectric prop- 
erties. With time, glass may reassume crystalline orientation as is well known 
to glass cutters. who will accept the risk in cutting new glass, but refuse to 
cut old glass which often shatters along erystal lines. 

A sample of quartz crystal was fused and thereafter ground to a powder. 
A sample of Pyrex glass also was ground to a powder. Both materials failed 
to show a erystal pattern when examined by x-ray diffraction. The resulting 
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powders reduced to requisite size were injected intraperitoneally in the usual 
manner. Three white rats were used for each material. One animal of each 
group was killed at two, six, and eight weeks. 

No reaction beyond simple foreign body encapsulation was observed. 
See Fig. 17 and 18. 


PurposE 2.—To determine the sources and forms of energy involved in 
the energy transferral mechanism. 

It has been pointed out that fibrotic activity of a dust may be correlated 
directly with the physical properties of the dust erystal. Further clarifica- 
tion of the mechanisms involved becomes pertinent. It is important to de- 
termine whether electric charge or mechanical distortion produce the most 
active biologic reaction. A theoretically complete separation of the direct 
and converse piezoelectric reaction and of the secondary thermal reactions 
is impossible, but, when conditions are controlled, one of the other reactions 
may be made to predominate. To this end, several experimental procedures 
were devised. These are briefly described and separate reports will present 
details of procedure and results. 


1. Mixed Metal Experiment—When two metals which occupy dissimilar 
positions in the electromotive series are placed in an electrolyte, a battery 
producing a flow of direct current results. The voltage of such a battery is 
a factor of the connecting electrolyte and of the degree of electromotive dis- 
similarity in the metals considered. As the same technique is employed in 
the procedures to be deseribed, the factor of ‘‘connecting electrolyte’? may 
be ignored as a relative constant. 

Particles of eleectromotively separated metals introduced into tissues and 
so ‘‘econnected’’ by electrolytic tissue fluid would produce direct currents. 
The bimetal dipoles in such a system might become distorted in their 
electrical axes to conform with a static or magnetic field, but the preponderate 
activity would be a manifestation of electric potential. 

The electric currents produced with mixed electromotively dissimilar 
metallic dusts in tissue would differ from those produced by a tissue deposi- 
tion of stressed piezoelectric crystals because the current flow would be con- 
tinuous and direct rather than intermittent and alternating. Furthermore, 
the battery produced would ‘‘run down’’ with time and use, while the erystal 
remains potent for the life of the animal. The similarity, however, is sufficient 
to warrant biologie study. 

Aluminum, iron, and silver dusts were selected for study. Aluminum 
is strongly negative to silver and weakly negative to iron. Silver is strongly 
positive to aluminum and weakly positive to iron. The dusts were, in each 
instance, freshly suspended in weighed amounts before injection. 

It was anticipated that strongly negative or positive dusts might form 
a battery when injected alone due to interaction with free metallic ions in 
tissue fluid. The single and mixed dust combinations studied are listed in 
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levels in accordance with the expected voltage (and biologie effect), the most 
active level being uppermost: 











First level (Highest voltage) Mixed Al and Ag 

Intermediate level Mixed Al and Ie Mixed Ag and Fe 
Al alone Ag alone 

Third level (Little or no voltage) Fe alone 





In order to simplify presentation and avoid confusion, the results of 
‘‘mixed metallic dust’’ experiments are reported separately. It may be stated 
here that galvanic currents stimulate fibrosis. See Fig. 7. The rapidity and 
degree of fibrotic reaction is directly proportionate to the degree of electro- 
motive dissimilarity between the metallic dusts selected for mixture. This 
is equivalent to stating that the reaction is proportionate to the amount of 
current produced. This is in agreement with observations made by others® 
working with large metallic plates inserted into tissue. 

2. Biologic Augmentation by Electromagnetic Fields—Piezoelectric erys- 
tals of nearly uniform size possess fundamental frequencies for each of their 
several axes. At these frequencies, an alternating current produces a me- 
chanical vibration with greatest efficiency. Similar crystal responses occur 
at several subharmonic and superharmonie alternating current frequencies. 

It may be seen that there is a frequency range at which a piezoelectric 
dust of different size range may be expected to be energized. For some sub- 
stances, as quartz, this range may be determined from known data. For other 
substances, an exciting frequency range may be determined by physical test 
means. 

Several cages have been supplied with radio frequency energy in order 
to expose dust placed in a living tissue to various frequencies of energy fields. 
It was anticipated that, by so doing, a biologie response might be accelerated. 
This approach was, we believe, prematurely overemphasized in a preliminary ‘ 
report.’ 

This problem has been beset by many technical difficulties which are he- 
ing resolved slowly. <A detailed report will be submitted separately. 

It may be stated that, in agreement with the preliminary report,’ there 
is a definite increase in the rapidity and degree of fibrotic reaction to a fibro- 
sive dust when the prepared animal is exposed to oscillating fields of energy 
at a frequeney known to produce piezoelectric responses in the same dust 
in vivo. This is supportive evidence that physical stress and motion are 
sapable of stimulating fibrotic reactions. 

Several other experiments testing the role of heat, motion, and electricity 
in fibrogenie reactions are in progress and will be reported separately. 

SUMMARY OF EXPERIMENTS 

1. Piezoelectric materials, including wulfenite, quartz, barium titanate, 
tourmaline, berlinite, and cholesterol, uniformly produce proliferative fibrous 
reactions when introduced as a finely divided dust into living tissue. 
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Fig. 1.—Monochromatic x-ray diffractionogram of quartz; powder technique. 
Fig. 2.—Monochromatic x-ray diffractionogram of berlinite ; powder technique. 
Fig. 3.—Intraperitoneal nodule produced with powdered quartz in four weeks in a white 
rat (Mus norvegicus). (200) A ; P 
‘ —e- nodule produced with powdered berlinite in two weeks in a white 
rat. De 
Fig. 5.—Intraperitoneal nodule produced with powdered wulfenite in four and one-half 
weeks in a white rat. (200 : ; , . 
, ——eeeeeeeee nodule produced with powdered cholesterol in six weeks in a white 
rat. (% 
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Fig. 7.—Intraperitoneal nodule produced with a mixture of powdered silver and aluminum 
in one week in a white rat. (200) 

Fig. 8.—Intraperitoneal nodule produced with powdered cholesterol in six weeks in a white 
rat. Foam cells similar to those seen in atherosclerosis are present. (400) 

Fig. 9.—Intraperitoneal nodule produced with powdered aluminum phosphate (reagent 
grade) in four and one-half weeks in a white rat. (200) 

Fig. 10.—Intraperitoneal nodule produced with powdered barium titanate in four and one- 
half weeks in a white rat, Crystals are present in the center of the nodule. (200) 
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Fig. 11.—Intraperitoneal reaction to powdered tourmaline in four and one-half weeks. 
Portion of a 1 cm. mass attached to stomach. (xX 200) 

Fig. 12.—Intraperitoneal reaction to aluminum phosphate (reagent grade) in five and 
one-half weeks. Portion of a 1 cm. mass attached to the gut. (200) 

Fig. 13.—Intraperitoneal reaction to tourmaline powdered in four and one-half weeks, 
high magnification. Young connective tissue cells and intercellular fibrils are present. (x400) 

Fig. 14.—Intraperitoneal nodule produced by aluminum phosphate (reagent grade) in four 
and one-half weeks in a white rat. (400) 

Fig. 15.—Intraperitoneal nodule produced with powdered tourmaline in three and one-half 
weeks in a white rat. (400) 

Fig. 16.—Intraperitoneal nodule produced with powdered aluminum phosphate (reagent 
grade) in five and one-half weeks in a white rat. Collagenous fibers are well formed. (400) 
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Fig. 17.—Intraperitoneal nodule produced with ground Pyrex glass in six weeks in a white 
rat. (X200) ; ; j : ; ; . 

Fig. 18.—Intraperitoneal nodule produced with fused quartz in six weeks in a white rat. 
(xX 200) , 

Fig. 19.—Intraperitoneal nodule produced with silicon carbide in six weeks in a white 
rat. (xX200). 

Fig. 20.—Intraperitoneal nodule produced with white silica in five weeks in a white rat. 

(x 200) 
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2. Nonpiezoelectric control dusts, including ground glass and fused 
quartz, silicon carbide and iron, produce only an encapsulation reaction when 
introduced into living tissues. 

3. Mica produees variable responses in living tissue. 

4. Aluminum phosphate was used as an amorphous powder as a control 
dust. Crystal forms appeared in the tissue reaction and the reaction was 
notably fibrotic. Aluminum phosphate with water of crystallization occurs 
in forms which are crystal isomers of quartz, tridymite, and cristobalite. 

5. Galvanie currents produced by mixtures of electromotively dissimilar 
dusts produce active fibrogenesis. 

6. Fibrogenesis is accelerated when an animal prepared with a piezo- 
electric dust is kept in a concentrated electromagnetic field of appropriate 
frequeney. 


DISCUSSION 































The present experiments were devised to determine whether substances 
possessing proper asymmetrical molecular space orientation and satisfying 
the other postulated properties for fibrogenie activity would behave in the 
manner expected. The results have clearly supported the concept and in- 
dicate that the phenomenon of piezoelectricity does exert biologie influence. 
Piezoelectricity has been defined earlier, but it should: be added here that, in 
addition to the direct and converse piezoelectric effects, there are many re- 
lated secondary effects. More study is needed to establish the forms and 
magnitudes of the energy sourees occurring in nature and their biologie in- 
fluence when converted by piezoelectricity. The piezoelectric property al- 
lows a theoretical transference of energy states in any direction between me- 
chanieal, electric, and thermal states. 

There is a paucity of biologic and physical data from which one might 
define the physical behavior of minute solid deposits within tissue. On the 
other hand, the theory presented explains many previously irreconcilable 
observations and, in some instances, is actually strengthened by these ob- 
servations. The ‘‘chemical solution’’ theory of silicosis has presented many 
unsolved objections in addition to the important fact that fibrous tissue pre- 
sents a poor barrier to substanees in solution. The degree of solubility is not 
correlated with pathogenicity. The influence of the size of the particles has 
too sharp an end point to be a funetion of surface area alone. A critical 
number of particles is necessary to produce progressive fibrosis. A period of 
time is often observed between the termination of exposure and the onset of 
fibrosis, and, in clinical silicosis, this interval often amounts to years. There 
has been no demonstration of either dissolution of crystals or actual solution 
in the areas of local involvement beyond that level of solution present in 
remote and uninvolved areas of the organism. All of these observations are 
irreconcilable with the solubility theory, yet are either consistent with or 
strengthening to the theory being discussed. This present theory embodies 
the concept that naturally occurring sources of force are present in discon- 
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tinuous ‘‘bursts’’ of proper form and magnitude to effect intermittent piezo- 
electric responses in a proper ‘‘receptor,’’ which responses constitute the 
fibrogenic stimulant. 

Many problems present themselves for future clarification. The known 
fibrogenic activity of several symmetrical crystals (tale, asbestos, ete.) is 
troublesome. This problem is presently under investigation in the light of 
‘‘unstable crystal symmetry’’ and will be reported in more detail later. King, 
Gilchrist, and Rae’! provided a clue when they reported that several benign 
shales and sericites became biologically active when treated with HCl]. Guided 
by this observation, several samples of tale, asbestos, and mica have been 
similarly treated with chemically pure HCl and quantitative chemical deter- 
minations were made. As much as 4 per cent of the sample weight is lost, 
and this weight is recoverable in the HCl in the form of the chlorides of Al, 
Mg, Fe, Ca, Na, and other metals. When the residual material was subjected 
to x-ray diffraction, the patterns showed qualitative and quantitative changes 
by comparison with the original substance patterns. Further study in this 
regard with animal experiments will be forthcoming, but a statement is made 
at this point to emphasize that the material used in preparation of an ani- 
mal may change to a pathogenic form after introduction into the animal. 

Another problem requiring clarification is the observation that amorphous 
opal and our amorphous aluminum phosphate are both fibrogenie. This may 
be explained by the known tendency of amorphous material to erystallize 
when conditions are right. Amorphous aluminum is known to become erystal- 
line in a quartz class when heated for purposes of sterilization.'? The erystal 
state represents the preferred low energy state, and the amorphous state is 
maintained by a viscosity which precludes molecular reorientation. If the 
physical environment is proper, the amorphous material may return to the 
preferred erystal state. Diatomaceous earth is biologically inactive, but, after 
‘aleining at high temperatures, a diffraction pattern of cristobalite arrange- 
ment appears and the ‘‘new’’ dust develops a pathogenicity in keeping with 
its new erystal structure.’ A similar perversion might occur in the animal 
tissue. This matter is under study with the hope that materials recovered 
from the fibrotic reaction sites may be subjected to x-ray diffraction for erys- 
tal orientation. A second possible explanation for the activity of amorphous 
materials is that piezoelectric properties may operate biologically at a molecu- 
lar or unit cell level. This interpretation is not consistent with our experiences 
using ground fused (amorphous) quartz, which was benign by test. <A third 
explanation is that electrical orientation might occur without true erystalliza- 
tion, and ‘‘electrets’’ with piezoelectric behavior might result. This has 
been accomplished when asymmetrical molecules are made to become elec- 
trically oriented without developing true crystal structure.’* | This considera- 
tion is presently under experimental test. 

It also has been observed that one of the dusts (chaleopyrite), classified 
as benign in the studies of others,’® belonged to an asymmetrical erystal class. 
Further consideration revealed that this dust was electrically conductive and 
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inactive piezoelectrically by test.’ This exceptional instance stimulates specu- 
lation as to a functional explanation of the effect of aluminum therapy and of 
iron hydroxide coating in modifying the fibrotic reaction to quartz. Polarity 
and, hence, piezoelectric activity might be ‘‘short cireuited’’ by coating the 
particle with a thin skin of material of higher electric conductivity than the 
erystal itself or the tissue fluid around the erystal. 

The piezoelectric mechanism requires an energy source, and several likely 
sources have been presented. Many observations have suggested that there 
are environmental factors influencing the incidence and character of disease 
states which cannot be explained in conventional terms. It is possible that 
environmental fluids of electromagnetic force can be of pathologie importance 
through the piezoelectric mechanism. If this be true, a description of a 
biologie environment will remain incomplete until it includes a statement ecov- 
ering the frequency and intensity of force fields surrounding the host. This 
subject will be considered in more detail in subsequent studies. 

Fibrous tissue makes its contribution to biologie economy by supplying 
physically supportive elements. When fibrous replacement represents the 
preponderant reaction to an injury, one should suspect that injury to be of 
a physical order, because it is this order of stimulation that fibrous tissue is 
functionally qualified to resist. 

Within biologie variation, fibrous tissue reactions are more ‘‘specifie’’ to 
the site and degree of involvement than to the chemical nature of the fibro- 
genie material. Quartz, the tuberculous phospholipid, and cholesterol have 
been shown to exert a biologie influence which is both interchangeable and 
‘“symbiotieally’’ additive when equal distribution is effected in similar tissue 
sites. This okservation alone strongly suggests a common mechanistic rela- 
tionship between the substances. 

A mechanism has been demonstrated which exerts potent mitogenic 
influence when it aets in tissues. It is, therefore, important that those physi- 
ologie and pathologie states which are characterized by rapid proliferation 
of cells be restudied in the light of this mechanism. It is impossible to fore- 
east where the mechanism will prove important. There are several biologic 
phenomena which seem specially suggestive. A classification of the problems 
under consideration and the basis for selection is presented. This eclassifica- 
tion is purest speculation and no committments beyond the conclusions of this 
paper are intended. The classification is presented for the sole purpose of 
stimulating thought and of inviting collaboration and expansion. 


‘ 


Classification of Topics Suggesting Piezoelectric Mechanisms.— 
A. Physiology: 


1. Normal growth and differentiation (growth stimulating sterols). 
2. Hormonal reactions as lactation and menstruation (sterols in general have very 
asymmetrical molecules). 
. Pathologic States: 
1. Pathologie states at the site of strong and intermittent mechanical stress vectors, 
(a) Heart and major vessels. (Aschoff bodies, atherosclerosis. ) 
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(b) Joints. (Rheumatoid arthritis and allied states. ) 
(c) Thorax with cough and respiration. (Pulmonary fibrosis in tuberculosis, 
silicosis, ete.) 

. Situations where minute manifestations of potential could occur. 

(a) Hypersensitivity. If the attractive charges of the antigen and the antibody 
were not dissipated at the point of contact when the immune body is formed, 
a minute dipole similar to that produced in the bimetal experiment would re- 
sult. (Overlaps with 1(a) for Aschoff bodies and with 1(b) in rheumatoid 
arthritis. ) 

. Situation in which there is an increase in metabolic products of asymmetrical 
molecular structure. This includes both host and bacterial metabolic products. 
(a) Hypercholesterol and lipemic states. (Overlaps with 1(a) in athero- 

sclerosis and vascular disease. ) 
(b) Tuberculous phospholipid. (Overlaps with 1(c) in fibroid tuberculosis. ) 
(ec) Malignant change where associated with disturbed sterol metabolism and 
with large dose hormone therapy. (Cancer of breast, prostate, testes, ovaries, 
and perhaps other neoplasms as well.) 

. Pathologie lesions which conform architecturally with the equations of force such 

as Boeck’s sarcoid, the other granulomata. 


It is again emphasized that this outline is for experimental organization 
and is not to be construed in any other light. It will be noted that all the 
classes outlined share in common the feature of cellular proliferation. In 
addition to cellular proliferation, each class possesses one or more of the 
mechanistic essentials of a piezoelectric reaction: (1) An acceptable energy 


source—heading B, 1. (2) An acceptable molecular receptor in excessive 
concentration—headings A, 1; A, 2; B, 2; B, 3 (a); B, 3 (b); B, 3 (ce). (3) A 
manifestation of electrical potential—heading B, 2 (a). 


B, 2 (a) classification is particularly speculative. This class is consid- 
ered worth study as presented because of some recent highly significant ob- 
servations. When a suspension of very finely divided biologically active dust 
is injected into the heart of a guinea pig, a ‘‘quick death’’ within a matter 
of minutes results. The death mechanism is clinically and pathologically in- 
distinguishable from the ‘‘protein’’ death in guinea pigs that have been sensi- 
tized and shocked anaphylactically. This death reaction does not oceur when 
benign dusts are similarly injected or when aluminum-hydroxide is added 
to the active dust suspension. We are indebted to Dr. Arthur Vorwald for 
informing us of his remarkable experiment. It is felt that if an immune body 
failed to lose the attractive opposite charges of its antigen and antibody ecom- 
ponents due to abnormal electrical resistance at the area of contact, this im- 
mune body would become a minute dipole similar to the bimetal dipole dis- 
cussed earlier and similar to the electrie polarizations which appear on the 
surface of piezoelectric crystals. Again, the dampening effect of the aluminum 
hydroxide might be explained by the formation of a thin electrically neu- 
tralizing skin over the surface of the dust. 


CONCLUSIONS 
1. The ability of foreign materials to produce fibrogenesis is correlated 
with their erystalline structure. 
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2. Those tested amorphous materials and materials whose crystalline state 
possesses a central point of molecular symmetry (symmetrical crystals) are 
nonfibrogenic. 

3. Those tested crystals which do not possess a central point of symmetry 
(asymmetrical crystals) and possess piezoelectric properties are fibrogenic. 

4. Several materials previously untested biologically, selected for their 
physical properties, were tested and shown to be fibrogenie. 

5. Fibrous tissue reactions are considered to be stimulated by releases 
of energy in mechanieal or electrical states within tissue. 
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TISSUE RESPONSES TO PHYSICAL FORCES 
Ill. Tue Asiuity or GALVANIC CURRENT FLOW TO STIMULATE FIBROGENESIS 


Smuas M. Evans, M.D., Aanp WALTER ZEIT, PH.D. 
MILWAUKEE, WIS. 


INTRODUCTION 


CONCEPT has been presented in earlier reports’? which depicts fibrous 
tissue reactions as stimulated by and protective against releases of physical 
force. These earlier reports discuss a modus operandi whereby energy is trans- 
formed from a biologically noninfluential to a biologically active state. It was 
stated that separate reports would deal with the fibrogenie potential of individ- 
ual energy states. As piezoelectricity is a property of certain materials to trans- 
form energy in any direction between motion, heat, and electricity, each of these 
energy states requires separate consideration.’ 2» When a piezoelectric crystal, 
e.g. quartz, which is deposited in tissues becomes squeezed by cough, strain, 
muscular activity, arterial pulsation, or any other physiologic means, it is eap- 
able of producing a current of electricity. The present report deals with the 
effect of such currents in tissue. 

When two metals with dissimilar electromotive levels are connected by an 
electrolyte, they produce a flow of direct current. The characteristics of such a 
current differ from‘the current characteristics of a stressed piezoelectric crystal 
in the following manners: 

Bimetal Battery Current Piezoelectric Crystal Currents 

. Current flow in one direction. 1. Current flow in one direction while 
the crystal is stressed and in opposite 
direction when the stress is relieved. 

. Uninterrupted current flow. 2. Interrupted current flow ocecur- 
ring only during stress and relief of 
stress. 

3. Limited duration—current — will 3. Unlimited duration as the erystal 

stop when the battery is *‘run down.’’ does not liberate energy but trans- 
forms energy from a source outside 
itself. 

In spite of these differences in current characteristics, there is sufficient 
similarity to make experimental consideration important. 

In a bimetal electromotive battery, the voltage produced depends on the 
degree of electromotive dissimilarity of the metals and the resistance of the 
electrolyte (Ohm’s law). As a similar technique is employed in similar animals, 
the factor of electrolyte resistance may be disregarded as a constant. 

The importance of selecting identical metals which are electromotively 
neutral with tissues for screws and plates in orthopedic surgery has been em- 
phasized by others.* It also has been shown that single metals may interact 
with the tissues in which they are implanted, resulting in current flow. The 
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degree of fibrous tissue reaction has been shown to be proportionate to the 
amount of current produced.’ These principles appear to be well established 
with large implants such as plates and screws. Heretofore, no data have been 
available describing the behavior of dust-size bimetal deposits in tissues. 

Silver, aluminum, and iron powders were selected for study. Aluminum 
is strongly positive electrically to silver and moderately positive to iron, Silver 
is strongly negative to aluminum and moderately negative to iron. Iron oc- 
cupies a mid-position electrically and is near the electromotive position of tissue 
fluids. The experimental procedure employed all three metallic dusts indi- 
vidually, as well as the three combinations of two mixed dusts. It is theoretically 
consistent to state that different levels of voltages were experimentally produced 
in tissue. The purpose of the experiment was to determine if the magnitude 
of the fibrotic response was proportionate to the voltage produced. 













Theoretical Voltage Table 
Mixed Ag and Al Highest voltage i 
Ag alone Al alone 

Agand Fe Aland Fe | 
Fe alone Minimal or no voltage 


MATERIALS 






Intermediate voltage 







Dusts: 1. Aluminum metal dust. 
2. Precipitated silver dust. 
3. Iron powder. 
Animals: Thirty-four adult white rats were used in the experiment. 








METHOD 


Intraperitoneal Preparations——One hundred milligrams of metallic dust were used in 
each experiment. This amount was either entirely of one dust, or, where two dusts were 
mixed, 50 mg. of each fraction were used. All dusts were mixed immediately before in- 
jecting intraperitoneally into an anesthetized rat. The abdomen of the rat was then mas- 
saged to distribute the dust. 

Intratracheal Preparations.—The trachea of the anesthetized rat was exposed and the 
suspension of dust was injected into the trachea. Ten milligrams of a single dust or 5 mg. 
each of mixed dusts were injected in each instance. 

Aluminum.—Three rats were prepared by simultaneous intraperitoneal and intratracheal 
injection. These rats were sacrificed at two, four, and six weeks. 

Iron.—Six rats were prepared intraperitoneally, but not intratracheally. These ani- 
mals were sacrificed as follows: one at four weeks, one at eight weeks, two at twelve weeks, 
and two at sixteen weeks. 

Silver—Three rats were prepared intraperitoneally and intratracheally. They were 
sacrificed at one, three, and five weeks. 

Silver and Aluminum.—Six rats were prepared intratracheally and intraperitoneally. 
These animals were sacrificed at one, two, three, four, five, and six weeks. 

Silver and Iron.—Seven rats were prepared intraperitoneally but not intratracheally. 
These were sacrificed as follows: two at three weeks, two at four weeks, one at five weeks, 
and two at eight weeks. 

Aluminum and Iron.—Nine rats were prepared intraperitoneally but not intratracheally. 
These were sacrificed as follows: one at two weeks, two at four weeks, two at six weeks, 
two at eight weeks, and two at twelve weeks. 

























RESULTS 
The results are described under four headings as determined by the magni- 
tude of the reactions observed. 
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Reactions in the white rat (Mus norvegicus) to the highest theoretical voltage, mixed 
silver and aluminum dust preparations. 

Fig. 1.—Reaction in the lung produced in two weeks. (400) 

Fig. 2.—Intraperitoneal nodule produced in six weeks. (200) 

Fig. 3.—Intraperitoneal nodule produced in two weeks. (X400) 
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Reactions in the white rat to the second highest theoretical voltage, aluminum dust only. 
Fig. 4.—Intraperitoneal nodule produced in six weeks. (200) 

Fig. 5.—Nodule on the surface of the liver produced in six and one-half weeks. (200) 
Fig. 6.—Nodules produced in the lung in six and one-half weeks. (X200) 
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Fig. 7.—Reaction in the white rat to the third highest theoretical voltage, mixed silver 
and iron dust preparation. Intraperitoneal reaction produced in eight weeks. (400) 

Fig. 8.—Reaction in the white rat to the lowest theoretical voltage, iron dust alone, pro- 
duced in eight weeks. The reaction is characterized by simple encapsulation. (200) 

IT, Aluminum and Silver—The reactions observed were very excessive. 
At one week, good-sized nodules were observed grossly. The reaction was pre- 
dominately fibroblastic with little vascularity and without inflammatory charac- 
teristics. This reaction continued to develop throughout the observation period. 
By three weeks, intercellular fibers were noted, and by five weeks the lesions 
were as large as 1 em. in diameter and were densely fibrotic, avascular, and 
collagenous. See Figs. 1, 2, and 3. 
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II. Silver Alone; Aluminum Alone.—The reactions to these dusts were 
similar histologically to the reactions to the mixed aluminum and silver prepara- 
tions. The reactions were. not as grossly extensive. Dense, collagenous, avas- 
cular, fibrous whorls were slower in formation. The lesions produced were con- 
sidered as qualitatively similar to those produced by mixed aluminum and silver, 
but quantitatively less excessive and slower in development. See Figs. 4, 5, 
and 6. 

IIT, Silver and Iron; Aluminum and Iron.—These preparations produced 
a reaction with a less notable proliferation of fibroblasts and with minimal de- 
position of collagen. There was more vascularity and less extensive gross re- 
action than was seen in the preceding groups. Of particular interest was the 
microscopic appearance of a ‘‘run-down’’ electromotive battery. The two 
metals could be distinguished microscopically, and one metal was observed to 
‘“plate’’ the other. 

IV. Iron Alone.—In this group, the reactions were observed to be no more 
proliferative than is seen in simple foreign encapsulation. 


DISCUSSION 

The results obtained justify the conclusion that the magnitude of the re- 
actions produced by electromotive currents is proportionate to the voltage 
theoretically developed. Work is in progress to ascertain if the dieleetrie prop- 
erties of mature fibrous tissue, as compared with other tissues of the body, 
qualify fibrous tissue as relatively insulative and hence protective against elec- 
trical stimuli. 

In these experiments, aluminum or silver alone appeared more reactive than 
aluminum and iron or silver -and iron. This is misleading. Iron is relatively 
near to animal tissue electromotively. The iron, therefore, contributed nothing 
to the reactions which the surrounding tissue alone would not have supplied. 
It should be noted that, in the unmixed aluminum and the unmixed silver 
preparations, 100 mg. were used intraperitoneally; whereas in the aluminum 
and iron, and silver and iron mixed experiments only 50 mg. of aluminum or 
silver were used. The factor of dosage, therefore, is obviously uncontrolled in 
these two groups. 

The significance of these observations in the general problem of fibrotic 
reactions to disease has been discussed in earlier papers." ? 


CONCLUSIONS 
1. Currents of electricity produced electromotively in tissues are capable 
of stimulating fibrotic reactions. 
2. The magnitude of the reaction is proportionate to the voltage generated. 
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QUANTITATIVE SPECTROGRAPHIC ANALYSIS OF BLOOD AND 
TISSUE FLUIDS 


Rosert M. Srecuer, M.D., Howarp M. Bepetu, B.S., AND IRENE Levis, PH.D. 
CLEVELAND, OHIO 


HE present study is limited to the quantitative determination of metallic 

elements in biologie material by the emission spectrograph using electrical 
excitation. Electrical excitation emission spectroscopy is to be distinguished 
from emission flame spectroscopy and absorption spectroscopy. Emission 
flame spectroscopy is limited in general to analysis of those elements having 
low excitation potentials such as the alkali metals. In flame spectroscopy 
the elements are excited to emit light by introducing the sample into a gas 
flame where the temperature is in the range of 1,500° to 3,000° C. By using 
electrical excitation where the sample is burned in an electric are, tempera- 
tures of 5,000° to 8,000° C. are obtained. It is possible, therefore, to excite 
even those elements having very high excitation potentials. Absorption spec- 
troscopy lends itself best to the analysis of organic compounds in solution 
and is accomplished by passing light of all wave lengths through the sample 
and studying the absorption pattern obtained. 


THEORETICAL CONSIDERATIONS 


Every element, when burned, produces radiations of monochromatic light 
which are specific. When such radiations are dispersed in a:spectrograph and 
recorded on a photographie film they can be positively identified both qual- 
itatively and quantitatively. The intensity of light emitted by any element 
during the burning is proportional to the amount of that element present. 
These are the principles upon which spectrographie analysis is based. In 
actual practice the amount of any element present in a sample is determined 
by measuring, with a microphotometer, the blackness of the photographie 
images of the specific spectral lines produced. A quantitative analysis of a 
sample for the metallic elements is made by comparing the spectrum of the 
sample with the spectrum of a known standard. The theoretical requirement 
of a standard is that it shall be identical with the sample in both physieal 
structure and in general chemical composition. It is obvious that it is im- 
possible to synthesize a real blood of known composition. The first necessity 
in the spectrographie analysis of blood becomes, therefore, that of converting 
the sample to a form which may be duplicated by a synthetic standard of 
known composition. This is best done by destroying the organic econstitu- 
ents by acid digestion or by low-temperature dry ashing which also fixes the 
metallie elements as inorganie salts or oxides. 
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The amount of any element present is determined by measuring the 
blackness of the photographie image produced. This is done with a micro- 
photometer which determines, by means of a photoelectric cell and galvanom- 
eter, the per cent of light transmitted through the line image. This trans- 
mittaney is inversely proportional to the intensity of light producing the 
image on the photographie plate according to Fig. 1. 
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Fig. 1.—Characteristic curve of photographic emulsion. 


If the over-all intensity of spectra could be reproduced accurately from 
sample to sample, intensity of an element line could be plotted directly against 
the element concentration. This is not the case, however, so a correction for 
small variations in the intensity of spectra is made by use of the internal 
standard method which consists of adding a weighed amount of a foreign ele- 
ment to a measured amount of sample. The intensity of light emitted by the 
element used as internal standard is then accepted as a quantitative measure 
of the sample consumed or recorded. The element used for an internal stand- 
ard must be chosen with care. It must be an element available in pure form, 
be chemically and spectrographically compatible with all elements to be as- 
sayed, and have a simple spectrum which does not interfere with the sensitive 
lines of the trace elements. 

The concentration of the unknown element is proportional to the ratio of 
the light emitted by that element to the light emitted by the internal stand- 
ard. The ratio of light from the unknown element to light from the internal 
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Fig. 2.—Analytic w orking curves for whole blood using the following lines; Cd, 2763.9 A°; Fe, 
2,59§ A°; Mg, 2,780 A°; Na, 2,853 A°; and Ph, 2,883 A°, 
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Fig. 3.—Analytic working curves for urine using the following lines: Mg, 2,783 A°; P, 
2,535.6 A°; and Pb, 2,833 A°. Note the horizontal shift in the lead curve from that of blood 
with same concentration of added Pb. This illustrates the effect on intensity ratios by major 
changes in element concentration such as differences in phosphorus and iron. 
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standard is called the intensity ratio. Actual computation of the results is 
done by applying the intensity ratio of the sample to the analytic working 
eurves. Analytic working curves are established by burning a set of three 
or more synthetic standards containing the internal standard and known 
amounts of the elements to be analyzed in high, medium, and low concentra- 
tions within the ranges expected. Such synthetic samples should be made 
to approximate the nominal composition for all elements of the material to 
be analyzed even though only one element is to be determined. Analytic 
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Fig. 4.—Shape of graphite electrode used. 


working curves have to be determined separately for each spectrograph and 
redetermined from time to time for the same instruments. The analytic work- 
ing curves for lead (Pb), iron (Fe), magnesium (Mg), and sodium (Na) in 
blood used in these studies are shown in Fig. 2, and for lead, magnesium, and 
phosphorus (P) in urine in Fig. 3. 


PROCEDURE 


The first work and that from which the data and analytic curves in this 
paper were obtained was based on variations of a wet ashing technique, using 
a mixture of perchloric and nitric acids to destroy the organic material in the 
blood. The best results by the acid digestion method were obtained by digesting 
5 ee. of blood in 15 e.e. of HClO, plus HNO, the acids being in the ratio of 
2:1. The mixture of blood and acids was taken to dryness and the residue 
picked up in 5 «.e. of nitrie acid solution containing 4 Gm. of cadmium acetate 
per 100 cc. of acid. Bismuth was used in place of cadmium as an internal 
standard with good success, particularly in the determination of lead. Synthetic 
standards simulating the mineral content of blood are made by dissolving pure 
salts in a dilute nitric acid solution. 
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After digestion, 0.02 or 0.05 ¢.c. of sample, depending on sensitivity re- 
quired, is then pipetted into the cup of a pure graphite electrode. The elec- 
trode used is of the type shown in Fig. 4. The sample is dried in the cup of 
the electrode by the heat of an infrared lamp. Best results are obtained by using 
electrodes in which a drop of pure liquid petrolatum has been allowed to soak 
in and air dry before the sample or the standard is put into the cup. This pre- 
vents the sample solution from soaking deeply into the graphite and gives a 
deposit of salts in the cup on drying. The sample is then burned in a direct 
current are with a current of 15 amperes. A burning time of about ten seconds 
is sufficient to completely volatilize the sample when the oil-treated cup is used. 
The synthetic standard is burned in juxtaposition on the same photographie film 
to facilitate quantitative determinations. 

A microtechnique was developed using a sample of only 0.02 ¢.e. of blood 
obtained either by a skin puncture or from a sample of heparinized blood 
taken by venepuncture. The sample is measured in a standard Sahli hemo- 
cytometer and is delivered into the cup of a pure graphite electrode. The 
sample is covered with the same amount of concentrated perchloric acid to 
which 4 Gm. of cadmium acetate per 100 ¢.c. have been added as internal 
standard. Heat is applied gently to the electrode with an infrared lamp for 
about thirty minutes until the specimen is digested. The sample is burned 
in a direct current are as before. Again a synthetic standard sample is burned 
and recorded in juxtaposition on the same photographie film. Some difficulty 
was encountered because of the rapid reaction of the blood with the perchloric 
acid and also because of the difference in the absorption of-the blood and of 
the synthetic standard solutions into the graphite cups and the resulting dif- 
ferent rates of volatilization into the are. Reasonable duplication of results was 
obtained under carefully controlled conditions. 

A dry ashing technique was developed and tried which gives excellent 
results with minimum difficulty. A small piece of ashless filter pad is packed 
into the eup of the electrode. Samples of both the blood and the synthetic 
standard are prepared in identical fashion by pipetting 0.02 ¢.e. into the pad; 
then 0.02 ¢.e. of cadmium acetate solution is added. The electrodes are placed 
in an oven controlled at 850° F. maximum. Ashing is complete in about one 
to one and one-half hours. An excessive ashing time may cause the loss of 
any of the more volatile elements. A small deposit of mineral ash is left in 
the bottom of each electrode and there should be no absorption of any of the 
minerals into the graphite of the electrodes. The deposit is rather light and 
fluffy, so that to prevent loss at the initiation of the are a drop of HNO, should 
be put in each cup. The sample is caked and some of the minerals are dis- 
solved and earried into the surface of the graphite. A small amount of pene- 
tration is not objectionable provided that it is uniform with both the un- 
known and the standard solutions. The electrodes are then burned in the 
direct current are as before. 
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Another treatment of the sample after ashing which shows good prom- 
ise, particularly in stabilizing the are and enhancing sensitivity, is that of 
packing lithium carbonate into the cup on the ash. The ash is fused with the 
lithium compound on heating in the are, and the burning characteristics are 
those of the lithium compound. The cadmium is still used as the internal 
standard and an exact measurement of the lithium is not required. This 
method is very similar to that reported by Myers! and others in the analysis 
of leaves and other plant tissue for both major and trace mineral elements. 

After burning the samples in any of the described techniques, the film 
or plate is developed under rigidly controlled conditions as to temperature 
and time, and the measurements of the line intensities are made with the 
microphotometer. Manufacturers’ specifications for film processing are fol- 
lowed. 
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Fig. 5.—Schematic diagram of microphotometer. A, Constant light source; B, line image 
on films; C, photocell and slit; D, variable resistance; EH, galvanometer; F, meter-scale; Jo, 
original light intensity; J, transmitted light intensity; 7, transmission. 


CALCULATIONS 


The method by which the ratio of the intensities of two spectral lines 
is determined is as follows: 


The transmittaney of the line image on the photographic plate is de- 
termined by means of the microphotometer, as illustrated in Fig. 5 which 
shows a schematic diagram of the microphotometer. 


The galvanometer circuit is adjusted to read zero deflection when no 
light strikes the photocell and to read 100 when the light passes through clear 
film. Then the reading obtained when a line image is interposed between the 
light souree and the photocell is called per cent transmission (T). It is ob- 
vious that the blacker the line on the film, the lower the reading (T) which 
will be obtained. This in turn indicates a stronger intensity of light, emitted 
by the element under study, which produced the image. The relationship of 
(T) with respect to relative intensity (I) of light emitted by the elementary 
sample is shown in Fig. 1. If, for example as shown in Fig. 1, in the analysis 
of blood for iron the values for T are Tre = 40 and Tea = 30, then Ipe/Teg 
= 0.92/1.28 — 0.72. From Fig. 2 the concentration of iron would be found 
to be 27 mg./100 ¢.e. of whole blood. 
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TABLE I. COMPARISON OF CHEMICAL AND SPECTROGRAPHIC ANALYSIS OF 25 FE DETERMINATIONS 
OF WHOLE BLOOD IN MG. PER 100 C.c. 

















SPECTROGRAPHIC CHEMICAL DIFFERENCE 
— . - Bole 41.2 
34.2 37.8 43.6 
5 459 36.1 res ey | 
37.1 34.0 -3.1 
37.1 39.0 +1.9 
37.8 36.9 - 
38.2 41.9 rs Sf 
38.3 41.9 13.6 
38.3 38.0 -0.3 
39.1 41.1 42.0 
40.5 40.1 ~ 4 
13 45 42.0 
43 46.0 43.0 
13.6 45.8 43:2 
45.5 49.0 43.5 
46.0 49.0 43.0 
46.2 49.0 42.8 
46.2 51.9 45.7 
46.2 51.9 45.7 
47.9 51.0 43.1 
49.6 48.1 -1.5 
50.5 48.3 -2.2 
51.9 51.8 - .] 
53.0 56.0 43.0 
55.0 55.0 40.0 








RESULTS 

Observations were first made on iron because it was easy to check spec- 
trographie results by chemical methods. <A series of determinations on twenty- 
five different samples of blood chosen at random from the medical service at 
City Hospital is shown in Table I. The results are arranged in ascending 
order of magnitude as determined by this spectrographiec method. The values 
ranged from 34.0 to 55.0 mg. per 100 eubie centimeters. The iron content 
was determined chemiecally.2 The results obtained by both methods were in 
essential agreement. The actual deviation of the spectrographie method from 
the chemical method ranged from +5.7 to —-3.1 mg. per 100 eubie centimeters. 
The average difference was +1.64. These deviations were from +12 per cent 
to -8 per cent, with an average of +5 per cent. The standard deviation for 
the series was 6.06 per cent of the amount present. 

After showing that the iron determinations obtained spectrographically 
compared favorably with those obtained by conventional chemical tests, re- 
eovery and reproducibility studies were made. Reproducibility of iron is 


TABLE II. REPRODUCIBILITY DETERMINATIONS ON OX BLOOD WITH ADDED MINERALS 
(MG. PER 100 C.c.) 








Fe | Na | Mg | Pb 
Sample 1 42 320 3.9 9 
42 340 4.1 1.1 
Sample 2 76 410 9.6 3) 
80 385 8.6 5 
80 380 8.0 6 
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shown in Table II. Sample 1 is that of a sample in the low, normal range of 
concentration, whereas Sample 2 is a normal blood to which iron has been 
added. The iron determinations checked within 5 per cent in the three de- 
terminations on the second sample and were identical for the duplicate runs 
of Sample 1. 

Observations on sodium are shown in Table II. Good reproducibility 
within 7 per cent of the amount present was obtained on both samples. Sample 
2 demonstrates good recovery because it is Sample 1 to which 50 mg. of Na 
per 100 ¢.c. were added. Results for Pb shown in Table II and Table III 
demonstrate both recovery and reproducibility.” All samples were normal 
blood to which ealeulated amount of Pb were added to give 0.05, 0.1, 0.2, 0.4, 
0.5, and 1.0 mg. per 100 ecubie centimeters. Correction was made for the origi- 
nal Pb in the blood. 


TABLE IIT. THE RECOVERY OF LEAD ADDED TO WHOLE BLOOD (MG. PER 100 C.c.) 








Lead added 0.025 0.05 0.10 0.20 0.40 
Lead recovered 0.047 0.095 0.185 0.36 
0.051 0.105 0.190 0.38 
0.065 0.150 0.16 0.57 
Sample 1 0.049 0.095 
0.062 
Sample 2 0.025 0.05 0.10 0.21 0.41 
0.023 0.045 0.10 0.212 0.43 
0.42 
Sample 3 0.045 0.08 0.19 
0.056 OE 0.21 





Tests were equally satisfactory for magnesium. 

Any of the body fluids which may be measured onto the filter pad in the 
electrode may be analyzed in exactly the same manner. Standards prepared 
to have mineral concentration simulating those normally present in the body 
fluid under study are required for accurate quantitative analysis. 


EQUIPMENT 


These studies were started on an original grating spectrograph having 
high resolving power and high dispersion. Such an elaborate instrument is 
not necessary because subsequent experience proved that equally accurate re- 
sults were obtained with a less expensive instrument (Jarrell-Ash 3 meter 
replica grating, Wadsworth mount). The smaller instrument, because of its 
higher wave length coverage and increased speed, is more desirable for this 
work in some respects than the larger instrument. The small instrument 
covers in one exposure the entire spectral range necessary to determine all 
the elements from potassium at 7,800 A° in the high visible range to phos- 
phorus at 2,500 A° in the low ultraviolet. 
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SUMMARY 


Emission spectrography offers a convenient, accurate, and rapid method 
of making simultaneous quantitative determinations for several elements in 
one sample. Although the method has so far been tested only for iron, sodium, 
potassium, magnesium, calcium, and lead, we are confident that it can be read- 


ily adapted to many more. 
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THE USE OF THE EMISSION SPECTROGRAPH FOR THE 
QUANTITATIVE DETERMINATION OF Na, K, Ca, Mg, 
AND Fe IN PLASMA AND URINE 


A. J. Boyiz, M.D., T. WurreHeap, M.S., E. J. Birp, Px.D., 
Tuomas M. BatcHetor, M.D., Luoyp T. Isert, M.D., 8. D. JAcosson, M.D., 
AND GORDON B. Myers, M.D. 

Detroit, MICH. 


MISSION spectrography is a common industrial procedure for the analysis 
of alloys. Each element is recognized by the characteristic spectrum 
emitted when it is subjected to high temperatures in an electric are or spark. 
The spectrum is dispersed by means of a grating or prism which separates the 
lines to a fraction of an angstrom. The spectrum is photographed on calibrated 
plate or film.)* The density of the spectral lines is related to the concentration 
of the element. Quantitation is obtained by the incorporation of a known 
amount of a foreign element, which serves as an internal standard.* By photo- 
electric comparison of the densities of the spectral lines of the element being 
determined and the internal standard, the concentration may be obtained. 
Numerous methods for the analysis of solids and liquids, using both are 
and spark sources, have been described by Brode.* The customary, but time 
consuming, procedure for the analysis of solutions is to evaporate to dryness in 
a eraterized carbon electrode before ignition.© Solutions also have been analyzed 
by direct introduction through a capillary into the electric souree,® but in our 
experience this method has been unsatisfactory. The special feature of the 
method reported in this communication is the employment of a rotating disk 
electrode, or rotrode, one section of which is partially immersed in the prepared 
biologie fluid. As the disk rotates, the sample is picked up on the surface of the 
electrode and brought under the influence of high-voltage spark excitation. 


PREPARATION OF SAMPLE 


The purpose of sample preparation is threefold: (1) destruction of inter- 
fering organic matter, (2) incorporation of a known amount of a foreign element 
as an internal standard, (3) adjustment of final volume to make spectral lines 
of optimal intensity. 

Prior destruction of plasma and urinary protein is necessary to prevent 
coagulation during sparking and consequent irregularity in cation vaporization. 
Direct treatment of the plasma with warm tetraethyl ammonium hydroxide is 
the simplest method for destruction of protein and produces a sample suitable 
for spectrographie analysis of Na, Ca, Mg, and Fe. However, the ammonium 
ion impairs sensitivity to such an extent that the intensity of the potassium 
lines is reduced below a point where they can be read with accuracy. A 2:1 
nitrie-perchlorie acid mixture is adequate for the destruction of protein and 
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nonprotein nitrogenous compounds in the plasma and produces a sample suit- 
able for the determination of K as well as Na, Ca, Mg, and Fe. To effectively 
destroy the large amounts of urea in urinary samples, it is necessary to use 
hydrochloric acid in addition to the nitric-perchlorie mixture. 

Lithium, cadmium, nickel, and copper were tried as internal standards 
and lithium was found to be most suitable. In the event that lithium is used 
clinically as a salt substitute, it will be necessary to change the internal standard. 
Either cesium or rubidium should be satisfactory. 

Plasma.—Samples must be collected in glass stoppered containers to prevent 
the adsorption of cations by cork or contamination by rubber stoppers. Four 
cubie centimeters of heparinized plasma are pipetted into a 250 ml. beaker, to 
which are added 15 ¢.e. of 2:1 nitric-perchlorie acid mixture* and 3.0 ¢.ec. of a 
0.3 Gm. per cent lithium chloride solution. The lithium serves as an internal 
standard. The beaker is covered with a watch glass and the solution is per- 
mitted to evaporate to incipient dryness. Five eubie centimeters of distilled 
water are added to the cooled beaker and the contents swirled until the solution 
is complete. This completes the preparation of the sample for spectrographie 
analysis. 

Urine-—To 10.0 ¢.e. of urine in a 250 ml. beaker are added 10 ¢.c. of hydro- 
chlorie acid and 15 ¢.e. of 2:1 nitrie-perchloriec acid mixture and 3.0 ¢.c. 0.3 Gm. 
per cent lithium chloride solution. The sample is treated in the same manner 
as for plasma, except that the final volume is made up to 10.0 ¢.c. with distilled 
water. 


APPARATUS AND PROCEDURE 


The apparatus in use is an Applied Research Laboratories 1.5 meter grating 
spectrograph equipped with an ARL rotrode, as shown in Fig. 1. The rotrode 
is driven by a synchronous motor supplied with a reduction system to control 
the speed of rotation. A high-purity carbon disk electrode 14 in. in diameter 
and 1g in. in width with a centered 1% in. hole is attached to a carbon axle, which 
is inserted in the rotating adapter of the electrode. This system forms the lower 
electrode of the spark stand (lig. 1, 4). The upper electrode is a 14 in. tapered 
high-purity graphite rod (Fig. 1, B). A porcelain boat containing the prepared 
sample is arranged on an adjustable platform, which may be elevated to bring 
the solution into contact with the rotating disk (Fig. 1, C). A speed of four 
revolutions per minute was found optimal for the analyses carried out in this 
study. 

The excitation source used to vaporize the samples is an Applied Research 
Laboratories high-voltage spark source unit. The input is set at 240 volts. 
The rotary spark gap is adjusted so that the meter recording relative primary 
voltages reads 75 volts. Power is set at 2 kv-a. Full inductance of this unit 
is employed (setting at 8). The electrodes are presparked forty seconds before 
the disk is brought into contact with the solution. A second prespark is carried 
out after immersion of the rotating disk to concentrate the solutes on the earbon 


*Perchloric acid should never he brought into contact with organic material in the ab- 
sence of nitric acid because of the danger of explosion. The addition of nitric acid permits 
smooth oxidation of organic material with safety. 
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Fig. 1.—A, Rotating disk electrode. B, Graphite rod electrode. OC, Porcelain boat. 


surface. Three separate exposures of forty seconds each are then made of a 
given sample. The light emitted by the vaporization of the solution is trans- 
mitted by means of a cylindrical lens through the slit of the spectrograph, dis- 
persed by the grating, and focused onto a 35 mm. spectrum analysis #1 film. 
This film is developed, using D 19 developer for two minutes at 70° F. A single 
film is sufficient for nine exposures. 
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Fig. 2. 


This procedure obtains the quantitative spectrographie analysis of sodium, 
potassium, calcium, magnesium, and iron. The wave lengths found most suit- 
able for quantitation are sodium, 3302.3 A; potassium, 4044.1 A; calcium, 
3179.3 A; magnesium, 2783 A; iron, 3020.6 A; lithium reference line, 3232.6 
angstroms. The films are read on an ARL densitometer. Samples are generally 
run in lots of twelve. Approximately two hours are required from the beginning 
of sample preparation until results are available for the five metals in each of 
the twelve samples. 

Synthetic standards, approximating the electrolyte composition of plasma 
and urine, are run at least twice daily as a control on spectrographic accuracy. 
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These standards are subjected to the same preparation: as described for 
plasma and urine samples. Working curves and rapid calculating scales’ are 
established from these standards so as to include a range covering one-half to 
two times the expected concentrations (Fig. 2). 


TABLE I. RESULTS OF SEVEN SEPARATE EXPOSURES OF A SINGLE SAMPLE OF PLASMA 











Na K Ca Mg Fe 

131 5.0 5.2 2.7 0.038 
128 5.9 4.8 2.5 0.038 
128 5.9 5.0 2.5 0.036 
130 5.0 5.0 2.5 0.036 
130 5.0 5.0 2.4 0.036 
135 5.0 5.2 2.5 0.034 
130 5.1 5.0 2.4 0.036 





Concentrations are expressed as milliequivalents of metal per liter of plasma. 


RESULTS 
The results of seven separate determinations on the same sample, picked at 
random, are given in Table I to illustrate spectrographie reproducibility and 
precision. 
To determine the aceuracy of recovery, known amounts of individual 
metallic salts were added to previously analyzed samples of plasma or to syn- 
thetic standards. Table II represents a portion of the results picked at random 


TABLE II. COMPARISON OF AMOUNTS FOUND ON SPECTROGRAPHIC ANALYSIS WITH THOSE 
KNOWN TO BE PRESENT IN A SERIES OF FORTIFIED SAMPLES 











AMOUNT PRESENT AMOUNT FOUND PER CENT ERROR 

Na Na 

195 UIT - 9.2 
195 . 185 - 5.1 
260 252 - 3.1 
260 256 - 16 
322 336 + 4.4 
208 215 + 3.5 
K K 

7.6 7.3 - 4.0 
7.6 7.7 + 1.3 
7.6 7.4 - 2.6 
7.6 7.0 - 9.2 
7.6 7.8 + 2.6 
10.2 10.2 £:0:0 
Mg Mg 

2.50 2.56 + 2.4 
3.32 3.24 - 2.4 
4.16 3.74 -10.0 
Ca 7a 

6.2 6.2 + 0.0 
6.2 6.4 + 3.2 
6.2 6.6 + 6.4 
7.4 7.8 + 5.4 
7.4 7.8 + 5.4 
7.4 7.0 - 5.4 
7.4 7.6 + 2.7 
Fe Fe ‘ 
0.072 0.068 - 5.5 
0.108 0.106 - 18 
0.072 0.078 + 8.3 
0.108 0.122 +13.0 
0.108 0.108 + 0:6 





Concentrations are expressed as milliequivalents of metal per liter of plasma. 
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to illustrate the percentage error of the spectrographic determinations. The 
error is usually within the range of plus or minus 5 per cent and almost always 
within plus or minus 10 per cent, regardless of the amount present in the 
samples. Determinations of Na, K, Ca, Mg, and Fe in the plasma of one hundred 
normal subjects are in progress and will be reported in a separate communication. 


SUMMARY 


A rapid and accurate method employing the emission spectrograph and 
featuring a rotating disk electrode has been described for the quantitative 
analysis of Na, K, Ca, Mg, and iron in plasma and urine. 
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ANTITHROMBIN AND HEPARIN IN HUMAN BLOOD 


T. A. Loomis, M.D., Px.D. 
SEATTLE, WASH. 


— originally postulated the presence of a factor or its precursor in 
plasma which influences the anticlotting effect of heparin. The precursor 
he referred to as proantithrombin and the activated factor as antithrombin. 
It was believed that one of the functions of heparin is to promote the production 
of antithrombin from proantithrombin. 

Heparin alone has little if any antithrombin activity when tested with puri- 
fied fibrinogen and thrombin solutions. However, it is uniformly recognized that 
heparin appears to react with a substance present in normal plasma, leading 
to the formation of a substance which is capable of inactivating thrombin. Ex- 
cellent reviews of the literature on heparin by Mason* and Eagle* discuss these 
factors. Quick® reported that a normal antithrombie substance exists in the 
albumin fraction of plasma. He stated that heparin merely intensifies the 
existing antithrombie property of the albumin fraction. Astrup and Darling® * 
have shown that slight amounts of an antithrombie substance exist normally in 
ox plasma and that this substance is not identical with the factor which is ac- 
tivated by heparin. 


This report is concerned with the further identification of the factor in 
human plasma which in the presence of heparin results in the formation of 
an active antithrombie substance. 


EXPERIMENTAL PROCEDURE AND RESULTS 


All early experiments were conducted on reconstituted, dried, normal, human plasma 
(obtained from volunteers by the American Red Cross) or fractions obtained from this plasma 
by ammonium sulfate fractionation. Later experiments were conducted using human blood 
fractions obtained by the low salt, low temperature alcohol fractionation method. The 
experiments were conducted by mixing the various substances in serologic glass tubes which 
were supported in a constant temperature water bath maintained at a temperature of 38° C. 
In all experiments the various agents were added to the tubes in the bath in as rapid suc- 
cession as possible from automatic pipettes, always adding the thrombin last. When the 
thrombin had been added, the contents of the tubes were thoroughly mixed by vigorously 
swirling the tube in the air immediately above the bath. Clotting times were noted by an 
interval timer. The tubes were tipped every ten seconds or as often as necessary to determine 
the earliest formation of a definite gelatinous clot which could be observed grossly when the 
tube was tipped. Clotting times thus represent the time interval lapsing between the addi- 
tion of thrombin and the formation of the clot. 

An optimal concentration of heparin for use in the subsequent experiments was deter- 
mined which would increase slightly the clotting time of plasma when added to a mixture 
of thrombin and plasma. The effect of varying the amount of thrombin was then deter- 
mined. The results are shown in Fig. 1. The figure demonstrates that the ability of heparin 
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to prevent the clot formation is inversely related to the concentration of thrombin. The 
antithrombin activity resulting following the addition of heparin to plasma becomes markedly 
more evident as the thrombin concentration is diminished. 
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Fig. 1.—The effect of heparin on the clotting time of reconstituted human plasma as 





produced by the addition of varying amounts of thrombin. Quantities of plasma as indicated 
are in milliliters; thrombin (Thrombin Topical, Parke-Davis) is in units and heparin (Lilly) is 
in milligrams. All volumes were made constant (1.0 ml. by the addition of citrate-phosphate 
buffer (MaclIlvane’s standard buffer solutions) of pH 7.3 
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Fig. 2.—The effect of heparin on the clotting time of partially purified human fibrinogen 
as produced by the addition of varying amounts of thrombin. Quantities of fibrinogen solution 
as indicated are in milliliters of 0.4 per cent solution of fibrinogen; thrombin (Thrombin 
Topical, Parke-Davis) is in units and heparin (Lilly) is in milligrams. All volumes were made 
constant (1.0 ml.) by the addition of citrate-phosphate buffer of pH 7.3. 





















The foregoing series of experiments was then repeated except that partially 
purified fibrinogen was substituted for the plasma. The fibrinogen was made 
in this laboratory by ammonium sulfate fractionation.* The results are shown 


*This fibrinogen preparation was made by precipitation from reconstituted normal human 
plasma using 20 per cent saturation with ammonium sulfate, removal of the precipitate by 
centrifugation and redissolving it in water, and reprecipitating it two times with 20 per cent 
saturation of ammonium sulfate. The final precipitate was dialyzed using heavy-weight, vege- 
table parchment casings in cold running tap water until the dialysate was free of sulfate. 


The dialyzed preparation was centrifuged and the precipitate was removed and dried in 
a desiccator, divided into portions, and stored at 0° C. until used. When the preparation 
was used it was dissolved in 0.1N citrate-phosphate buffer (MacIlvane’s standard buffer solu- 
tions) of pH 7.3. 
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in Fig. 2. This figure shows that the rapidity of the conversion of the partially 
purified fibrinogen to fibrin in the presence of heparin and thrombin was in- 
versely related to the amount of thrombin added. Furthermore, the clotting 
time of fibrinogen with thrombin in the absence of heparin was not influenced 
by the amount of added thrombin over the range studied. The antithrombin 
activity which resulted following the addition of heparin in the presence of 
partially purified fibrinogen becomes more evident as the concentration of throm- 
bin is diminished. 
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; Fig. 3.—The effect of heparin in the presence of plasmin (20-29% fraction) on the clot- 
ting time of partially purified human fibrinogen as produced by the addition of varying amounts 
of thrombin. Quantities of fibrinogen as indicated are in milliliters of 0.4 per cent solution 
of fibrinogen; thrombin (Thrombin Topical, Parke-Davis) is in units, heparin is in milligrams, 
and the 20-29 % ammonium sulfate fraction is in niilliliters of 1.0 per cent solution of the frac- 
tion. Time is in minutes. All volumes were made constant (1.0 ml.) by the addition of citrate- 
phosphate buffer of pH 7.3. 


The next series of experiments involved the determination of the presence 
of a precursor of an antithrombin substance in the euglobulin fraction of normal 
human plasma. The euglobulin fraction (fraction obtained in the 20 to 29 
per cent saturation range with ammonium sulfate) used in the experiments was 
made by the procedure outlined by Loomis, Charles, and Rider® which they 
used for the purification of fibrinolysin (plasma).*° This fraction will be re- 
ferred to in this paper as the plasmin fraction obtained by ammonium sulfate 
fractionation. Fig. 3 illustrates the results when this fraction is added to the 
fibrinogen-thrombin-heparin mixtures. The figure illustrates that although the 
plasmin fraction has very little antithrombin property in itself, the clotting 
time is greatly prolonged in the presence of plasmin and heparin. In a similar 
type of experiment it was found that neither the 29 to 50 per cent nor the 50 
to 75 per cent (albumin) fractions contained an antithrombin substance and 
they were not capable of being activated by heparin. 

The next series of experiments involved the use of plasma fractions which 
were obtained by the low salt, low temperature, alcohol fractionation technique. 
Fraction I was used as the source of fibrinogen. Fraction III-2 was used as 
the source of thrombin. Fraction III-3 (plasmin fraction) was tested for anti- 
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thrombin activity. No antithrombin activity was found in this fraction. Frac- 
tion III-3 was found to contain some traces of thrombin as evidenced by its abil- 
ity, in high concentrations, to cause the clotting of fibrinogen. 

Fig. 4 shows the results obtained using alcohol fractions. The amounts of 
Fraction III-3 used in the experiments shown in Fig. 4 did not contain a suf- 
ficient amount of thrombin to convert fibrinogen to fibrin. The figure shows 


FRACTION Itmcm) tf. ft. Lit. 
“ QI-2 “ .26.26.26.26 
“ H-3s “ .4 4 4 4 
HEPARIN(MGM)  .001 001 001.001 001 
Fig. 4.—The effect of heparin in the presence of Fraction III-3 (plasmin) on the clot- 
ting time of Fraction I (fibrinogen) as produced by the addition of varying amounts of Frac- 


tion III-2 (thrombin). Time is in minutes. All quantities are in milligrams and all volumes 
were made constant (1.0 ml.) by the addition of citrate-phosphate buffer of pH 7.3. 


that although neither heparin nor Fraction III-3 had a definite marked anti- 
thrombin action in themselves, when the two were added to a fibrinogen-thrombin 
mixture a definite marked increase in the clotting time resulted. As the coneen- 
tration of thrombin was decreased, the antithrombin action of the mixture of 
Fraction III-3 and heparin became more apparent. 


Further experiments demonstrated clearly that the precursor of the anti- 
thrombin was in Fraction III-3 and was inactivated after exposure to 70° for 
as short a time as one minute. At 60° C. the destruction of the antithrombin 
precursor was less rapid but occurred after five minutes of exposure. It is 
stable at 40° for four hours. In contrast to this, the exposure of heparin to 
temperatures as high as 90° C. for five minutes did not influence its ability to 
activate the precursor of antithrombin in Fraction ITI-3. 


DISCUSSION 
Howell’? believed that heparin prevented the clotting of blood by a dual 
action. These actions are (1) stabilizing prothrombin through combination with 
it and (2) promoting the production of antithrombin from its preeursor, pro- 
antithrombin. Mellanby' believed that heparin does not act as an antipro- 
thrombin but that its exclusive action is that of being capable of producing an 
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antithrombie substance in blood. Quick® believed that heparin acts by activation 
of an antithrombin precursor which he stated was in the albumin fraction. The 
foregoing experiments did not show evidence of a normal antithrombin activity 
of the albumin fraction of reconstituted human blood. Furthermore, there was 
no evidence of significant amounts of antithrombin action of the plasmin fraction 
whether the fraction was made by ammonium sulfate or alcohol precipitation 
techniques. The fraction of human blood designated as the plasmin fraction 
(by ammonium sulfate fractionation) and Fraction III-3 obtained by the aleo- 
hol fractionation method showed marked antithrombin activity only in the 
presence of heparin. 

In the experiments reported here, when heparin is added to reconstituted 
normal human plasma or to partially purified fibrinogen in the presence of 
thrombin, the clotting time was found to be inversely related to the concentration 
of thrombin. In such a test heparin appears to have a definite antithrombin 
activity. When heparin is added to Fraction I (fibrinogen) in the presence of 
Fraction III-2 (thrombin) obtained by low salt, low temperature, alcohol frac- 
tionation, the clotting time is only slightly prolonged. In such a test no definite 
pronounced antithrombin activity for heparin could be demonstrated. This con- 
firms previous work’ *®°® which stated that heparin has no antithrombie 
action when tested on purified fibrinogen and thrombin. 

The plasmin fraction obtained by ammonium sulfate fractionation and the 
plasmin fraction (Fraction III-3) obtained by alcohol fractionation were found 
to be practically free of inherent antithrombin activity. When heparin was 
added to either of these fractions in the presence of fibrinogen and thrombin, 
the clotting time was greatly lenethened. The clotting time in such a test as 
that described is inversely related to the amount of added thrombin; herefore, 
a true antithrombie substance is formed. In the presence of heparin the true 
antithrombin is formed from a precursor which is present in the plasmin fraction 
or Fraction III-3 and which has the characteristics of Howell’s proantithrombin. 
It is inactivated rapidly by exposure to a temperature of 70° C, 


SUMMARY 


The effect of heparin on the fibrinogen-thrombin reaction in human blood 
is that of promoting the liberation of antithrombin from its precursor pro- 
antithrombin. Proantithrombin is present in the plasmin fraction obtained by 
ammonium sulfate fractionation and in the plasmin fraction (Fraction III-3) 
obtained by alcohol fractionation. 

The author wishes to express his appreciation to Dr. F. F. Johnson of the Cutter Labora- 
tories, Berkeley, Calif., for generously supplying the plasma samples obtained by alcohol 
fractionation methods. The technical assistance of Miss Evelyn Adams is gratefully appre- 
ciated. 
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BONE MARROW STUDIES IN THE POLYCYTHEMIA OF 
HIGH ALTITUDES 


CESAR F. Merino, M.D., AND CESAR REYNAFARJE, M.D. 
Lima, PERU 


T IS generally accepted that the polycythemia found in men living at high 

altitudes results from the anoxia brought about by the low oxygen tension 
in inspired air, acting on the erythropoietic organs which become hyperactive 
under such stimulation. Most investigators have observed in this polycythemia 
an increased percentage of reticulated red blood cells in the peripheral circula- 
tion, a finding which has been interpreted as evidence of hyperactivity in the 
formation of the erythrocytes. However, so far as can be determined no 
direct examination of the bone marrow tissues has been made in these perma- 
nent residents at high altitudes, who have a reticulocytosis." * * Thus, there is 
no direct evidence that reticulocytosis is paralleled by a corresponding hyper- 
activity in the blood-forming organs. Such a study is presented in this paper. 
The results also contribute to an understanding of the etiologic mechanisms 
underlying polycythemias classified as secondary and as polyeythemia vera. 
Bone marrow studies in the former group have been made occasionally*’ but 
the findings are not definitive. The following two factors emphasize the im- 
portance of investigating this problem: (1) the increase in circulating total 
blood volume, an alteration which commonly has been considered as character- 
istic of polyeythemia vera,® also may be present to a high degree in secondary 
polyeythemias ;* * 1° and (2) an increase in leucocytes and platelets in the 
peripheral blood, as well as splenomegaly, may be absent in some eases of 
polyeythemia vera. These considerations indicate the desirability of investi- 
gating the possible value of the bone marrow examination as an additional 
diagnostic criterion in the study of the polyeythemie conditions. 


MATERIAL AND METHODS 


Sixteen men, of Indian race, permanent residents in Cerro de Pasco, a mining center 
located in the Peruvian Andes region at an altitude of 4,390 meters (14,400 feet), were 
studied. According to previous investigations carried out in Peru,1,11 the arterial oxygen 
saturation of men living at this altitude averages about 83.0 per cent. All the men had 
been born in this area or in nearby localities also situated at high altitudes. Their ages 
varied between 15 and 65 years. Six of the men had worked in the mines for some time. All 
of them were apparently in good health but no radiologic examination was carried out to 
eliminate the possibility of an existing pneumoconiosis in the group of miners. One native 
within this group presented an abnormal degree of cyanosis. 

In each case a sample of venous blood was taken and bone marrow tissue was aspirated 
after a sternal puncture. The venous blood sample was used in the following determinations: 
the number of red blood cells, white blood cells, and platelets per cubie millimeter; the hemo- 
globin in grams per 100 ¢.c.; and finally, the differential count of leucocytes. For this last 
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analysis films, Wright stained, were used. For the hemoglobin determination a Sahli hemo- 
globinometer, previously calibrated by means of comparative determinations made with this 
instrument and the Van Slyke manometric apparatus, was employed. Platelets were counted 
following the technique described by Dameshek.12 

The sternal puncture was performed at the level of the third intercostal space using a 
simple 16 gauge needle. About 0.5 ¢.c. of marrow material was aspirated,* and fixed cover 
slip preparations were made promptly. The differential count of the bone marrow cells was 
made on the supravital preparations following the criteria established by Sabin and Miller? 
for cell identification. A total of 400 to 500 cellular elements was counted in each case. 


RESULTS OBTAINED 

A. Peripheral Blood.—Data obtained from the peripheral blood are sum- 
marized in Table I. The number of red blood cells varied between 5.41 and 
7.67 millions per cubie millimeter, with a mean value of 6.45 + 0.29 millions; the 
hemoglobin had a mean value of 19.4 + 0.69 Gm. per 100 ¢.¢., with extreme 
rariations of 16.5 to 25.6 grams. These findings are in agreement with those 
obtained by Hurtado, Merino, and Delgado® in the study of native residents 
at Morococha, at an altitude slightly more elevated than Cerro. 
TABLE I. HEMATOLOGIC STUDIES ON THE PERIPHERAL BLOOD oF 16 NATIVE RESIDENTS AT AN 


ALTITUDE OF 4,390 M. (14,400 Fr.) 
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*Neutral red and Janus green stains were used in the preparation of the supravital films 
following the techniques in use at Dr. Charles A. Doan’s iaboratory (Ohio State University, 
Columbus, Ohio). We feel that the supravital preparations afford a greater advantage than the 
fixed Wright stained films in the differential cellular study, because the characteristics of the 
cells are better preserved. For a critical study of this problem see Epstein, R. D., and 
Tompkins, E. H.: Comparison of Techniques for Differential Counting of Bone Marrow Cells 
(Guinea Pig), Am. J. M. Se. 206: 249, 1943. 
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The number of leucocytes and platelets were within the normal limits 
of variation. Mean values observed were 6.86 + 0.47 and 335.2 + 36.8 thousands 
per cubie millimeter, respectively. The differential leucocytic count also was 
found to agree with normal established values. 


Fig. 1.—Photomicrograph of bone marrow tissue, obtained by sternal puncture, showing an in- 
creased cellularity (Case 2). 


Kig. 2.—Photomicrograph of bone marrow (Case 2). Note predominance of erythroid cells. 
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B. Bone Marrow.— 

I. Macroscopic Examination: A crude attempt to evaluate the degree of 
hyperplasia was made by examining macroscopically the number and size of 
marrow particles in the aspirated material. It is realized that such an es- 
timation lacks precision, but a rough comparison could be made with marrow 
samples similarly collected from many normal persons and patients with var- 
ious types of blood dyscrasias at sea level. The degree of estimated hyper- 
plasia was graded from 1 to 3 plus. From this estimation, it was felt that 
the marrow was hyperplastic in ten men (62.5 per cent) and normal in six 
(37.5 per cent). 

II. Microscopic Examination: A similar attempt was made to estimate 
the relative cellularity of specimens by scanning the flecks of marrow on four 
different supravital preparations with magnifications of 100 and 450. The 
same observer examined all preparations. The basis for comparison was 
again the experience gained from similar examinations at sea level. Es- 
timated hyperplasia was arbitrarily graded as from 1 to 3 plus. The marrow 
was thought to be hyperecellular in thirteen of the subjects (81.2 per cent) and 
normally cellular’ in three. In all the supravital preparations, amorphous 
and fatty material could be identified within the nests of hematopoietic tissue, 
but in only one instance (Case 10) was the inerease in these substances strik- 
ing. The degrees of hyperplasia as estimated by these two methods were not 
always in agreement. Samples which were regarded as normal macroscop- 
ically were often considered hypereellular when observed microscopically. 
No exact correlation, furthermore, could be established between the degree 
of polyeythemia in the peripheral blood and the estimated hyperplasia of the 
marrow. Figs. 1 and 2 are photomicrographs which illustrate the increased 
cellularity of the marrow specimens. 

A more detailed study of the cellular composition showed that there was 
regularly an erythroid hyperplasia of sufficient degree to make the nucleated 
red blood cells more numerous than granulocytes. This change coupled with 
the fact that the great majority of nucleated red cells were at the normo- 
blastic maturation level* caused the marrows to resemble those seen in the 
hemolytie anemias” '* (Fig, 3). In seven subjects (43.7 per cent) there was a 
moderate shift to younger cells of the erythroid series; early erythroblasts and 
megaloblasts were present in small numbers (Fig. 4). Mitosis was frequently ob- 
served in the erythroid cells, but their number was not large. 

The granuloctyie elements were morphologically normal in all patients 
and showed no increase in younger forms of myelocytes. Polymorphonuclear 
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leucocytes, metamyelocytes, and myelocytes were the predominant ele- 
ments in this series. 

Megakarvocytes were seen in the thicker areas of the preparations. Most 
were mature in appearance, without qualitative changes and with multilobu- 
lated nuclei and a granular cytoplasm (Figs. 1 and 2). None of the subjects 
showed the increase in megakaryocytes which so often is observed in poly- 
cythemia vera.* * 15-18 


*The terminology of Sabin and Doan has been used throughout this paper for classifying 
the cells of both the erythroid and myeloid series, 
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Fig. 3.—-Bone marrow tissue (Case 13). Shows numerous nucleated red blood cells in greater 
proportion to other cellular elements. 
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Fig. 4.—Bone marrow tissue (Case 12). Illustrates relative increase of young erythroblasts 
(marked with arrows). 





Small lymphocytes were found in small numbers (0.6 + 0.14 per cent) in 
nearly all of the samples examined, but were less frequent than is usually 
accepted as normal. 1°»17_ Clasmatocytes, with or without signs of phago- 
cytosis, were observed in all cases, but in only two instances (Cases 8 and 10), 
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TABLE IIT. DIFFERENTIAL CELL COUNT IN BONE MARROW SAMPLES OBTAINED 
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in which these cells averaged 5.1 and 4.2 per cent, was their number sufficiently 
large to be significant. Mature plasma cells, monoeytes, and reticular cells 
were seen occasionally. 

IIT. Differential Count of the Bone Marrow Cells: In all instances, the per- 
centage of each type of cell (myelogram) was determined in the supravital 
preparations. From 400 to 500 cells were identified in each count. Table II 
gives the results obtained in this study. It is realized that the significance of 
a quantitative study of bone marrow cells in samples obtained from a single 
sternal aspiration is limited.’* 1 °° *! Tlowever, if the interpretation is related 
to the general impression derived from a eareful study of several prepara- 
tions, such quantitative evaluation acquires a greater value. The predom- 
inant cells in the myeloid series were found to be myeloeytes ‘‘C’’ (13.8 + 
0.56 per cent), metamyelocytes (9.5 + 0.46 per cent), and segmented neutro- 
philes (9.1 + 0.94 per eent). (Table II.) Comparison of these figures with 
those given for healthy men living at sea level indicates that the mean per 
centage of myelocytes found in our subjects agrees very closely with those 
given by Scott® and by Wintrobe: 13.1 and 12.0 per cent, respectively. On 
the other hand, our mean percentage values for metamyelocytes and segmented 
neutrophiles, 9.3 and 9.1 per cent, respectively, were lower than those found 
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¢ 16 NATIVE RESIDENTS AT AN ALTITUDE OF 4,390 M. (14,400 Ft.) 
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by the same investigators at sea level: 15.7 and 14.8 per cent (Seott) and 20.0 
and 22.0 per cent (Wintrobe). This relative decrease in the percentage of 
mature cells of the myeloid series cannot be interpreted as an indication of a 
shift to younger forms because the younger elements of this series, myelo- 
eytes ‘‘A’’ and ‘‘B’’ and myeloblasts, did not show a corresponding increase. 

The most common cell in the erythrocytic series was the normoblast: 41.9 
+ 1.05 per cent with variations between 35.4 and 49.7 per cent. This means 
pereentage value, found in the high altitude residents, is definitely higher than 
that obtained by Seott® and by Wintrobe™ in the bone marrow of healthy 
adult subjects living at sea level: 17.8 and 18.0 per cent, respectively. 

The level of polyeythemia observed in the peripheral blood did not show 
a constant relationship to the degree of erythropoietic hyperplasia in the bone 
marrow or to the changes found in the proportion of the different erythro- 
eytic cells in this organ. Calculation of the quantitative relationship between 
the erythroid and myeloid cellular elements (M/E ratio) gave the following 
mean percentage values: 


Granulocytie series (myeloid) 40.9 per cent 
Erythrocytie series 55.6 per cent 
Other cellular elements 3.5 per cent 
M/E ratio 1 to 1.4 
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Fig. 5.—Graphic representation of the M/E ratio in bone marrow differential count made in 
residents at sea level and at high altitudes, 

These figures demonstrate that there is a very definite relative increase 
at high altitudes in the erythrocytic cells in the bone marrow, as compared 
with sea level (Figs. 2 and 3). Our M/E ratio of 1 to 1.4 differs considerably 
from those of 3 to 1 or 4 to 1 considered as normal at sea level. A graphic 
representation of this observed ratio is given in Fig. 5. 


DISCUSSION 

The observations just described indicate that there is an erythroid hyper- 
plasia of the bone marrow in healthy people living permanently at high alti- 
tudes. The consistency of the results makes them seem valid even though 
the hazards of estimating hyperplasia from a single aspirated sample of mar- 
row are recognized and admitted. The mean percentage value of 55.6 ob- 
tained for the erythrocytic elements, as compared with 40.9 per cent for the 
myeloid cells, in our subjects, is definitely higher than the corresponding values 
found at sea level by a number of different investigators: Doan,”* 4 to 13 per 
cent; Maning,?* 16.7 per cent; Mendell and others,?* 15.4 per cent; Osgood 
and Seaman,”* 17.2 per cent; Wintrobe,'® 22.0 per cent; Piney and Hamilton,”* 
18 to 25 per cent; Young and Osgood,”? 14.1 per cent; and Seott,> 17.8 per 
cent. Furthermore, as already has been indicated, our mean value of 1.0 to 
1.4 for the M/E ratio in the high altitude subjects differs greatly from the 
ratios of 3 to 1 and 4 to 1 accepted as normal in healthy adults living at sea 
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Quantitative study of the erythrocytic cells in the bone marrow showed 
a normal maturation process, with the normoblast being the predominant 
cell, while the more primitive ones, the erythroblasts and the megaloblasts, 
were found to be normal or only slightly increased. In consequence, the 
hyperplasia of the bone marrow in the high altitude subjects can be classified 
as normoblastic in nature or occasionally as normo-erythroblastie. 

It is interesting to compare our findings with those described in the 
studies made of the bone marrow in other eases of polycythemia, especially 
polyeythemia vera. The bone marrow in this latter disease has been de- 
scribed as hyperplastic by some investigators,* 1 '% *% while others such as 
Markoff, Nordenson, Rohr, Mallarme, and Klima (quoted by Seott®) and 
Maning**® concluded that an increased cellularity is not a characteristic find- 
ing. In some of the cases of polycythemia vera which showed hyperplasia, 
the process affected all cell elements of the bone marrow (panhyper- 
plasia)* 1° *8; the M/E ratio, therefore, was found to be normal or very little 
changed. In these instances, the generalized hyperplasia appears different 
from the partial hyperplasia only erythrocytic in nature found in our eases 
of the polycythemia of high altitudes. 

Other patients with polycythemia vera have been described as showing a 
definite hyperplasia of the erythrocytic cells of the bone marrow” ** *4; in 
these instances the proportion of nucleated red cells varied between 30 and 
45 per cent of the number of cells counted and there was no evidence of a 
maturation arrest. These changes, although similar in some respects to those 


observed by us in the polyeythemia of high altitudes, differ in other funda- 
mental aspects. Most investigators agree that the bone marrow myeloid cells, 
in eases of polycythemia vera, show not only an increase in number but also 


an inerease in younger forms, such as young myelocytes and myeloblasts.* 1° "7 


Furthermore, a remarkable increase in the number of megakaryocytes in the 
bone marrow of patients with polycythemia vera has been described as a fre- 
quent finding.* * 11% 26 Those changes were absent in the subjects studied by 
us at high altitudes. 

The results obtained in the present investigation agree closely with the 
observations made by Hurtado, Merino, and Delgado’ on the peripheral blood 
of a large number of permanent residents at high altitudes. These workers 
found no evidence of hyperactivity in the production of leucocytes. They in- 
dicated that anoxia appeared to be a specific stimulant for erythropoietic 
activity, leaving unaffected the formation of white blood cells. Our studies 
of the bone marrow cytology at high altitudes confirm that opinion, and, in 
addition, emphasize the difficulties in accepting that concept that anoxia plays 
a fundamental etiologic role in the development of polycythemia vera.*° 

Schleicher®® and Sundberg"? have described volumetric variations in the 
different layers of the bone marrow, and the latter investigator is of the 
opinion that the fat layer is nearly always absent in eases of polycythemia 
vera." The supravital preparations in our cases always showed fat globules, 
but this observation cannot be used for comparison with the results in poly- 
cythemia vera. 
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Unfortunately, very few studies have been made on the cellular charac- 
teristics of the bone marrow in eases in which polyeythemia has developed as 
a consequence of an anoxie condition brought about by respiratory or cireu- 
latory alterations. Zuntz, Loewy, Miiller, and Caspary* and Dameshek* have 
reported cases of secondary polycythemia in which the bone marrow changes 
have been similar to those observed in polycythemia vera. On the other hand, 
Kienle® obtained results comparable to ours. It is desirable to have a greater 
number of observations in these cases in order to reach a better understanding 
of the value of sternal puncture in the differential diagnosis of the various 
types of polyeythemia. Our study seems to indicate that at least the poly- 
cythemia of high altitudes, which is of secondary type, developing as a result 
of a known anoxic stimulus, differs in the cytologic characteristics of the bone 
marrow from most cases of polycythemia vera, a disease in which the etiologic 
mechanism is unknown. 


SUMMARY AND CONCLUSIONS 


The bone marrow of sixteen, healthy, Indian natives of adult age, per- 
manent residents in Cerro de Paseo at an altitude of 4,390 meters (14,400 
feet), was studied. Samples were obtained by means of sternal aspiration, 
and supravital and Wright stained preparations were used for the quali- 
tative as well as quantitative microscopic examinations. All men showed a 
definite polycythemia in the peripheral blood. 

The results obtained were compared with previous observations made in 
healthy people living at sea level and in patients with polycythemia vera. 

1. The bone marrow of healthy, adult natives, living permanently at an 
altitude of 4,390 meters (14,400 feet), was interpreted as showing hyperplasia 
(hypereellularity) in 81.2 per cent of the subjects examined. 

2. This hyperplasia was characterized by a marked increase of the cells 
of the erythroid series over the myeloid cells. Normoblasts were the most pre- 
dominant cellular elements (normoblastie hyperplasia), and a reversed M/E 
ratio was a constant finding. The degree of hyperplasia was not always pro- 
portional to the level of polyeythemia found in the peripheral blood. 

3. Myeloid cells and megakaryocytes were not increased and the matura- 
tion process was normal in both the erythroid and myeloid series. 

4. The foregoing findings seem to confirm further the opinion, pre- 
viously expressed and derived from studies on peripheral blood, that anoxia 
acts as a specific stimulus for an increased activity in the formation of the 
erythroid cells leaving the myeloid cells unaffected. 

5. A comparative study of our findings and those obtained in similar 
investigations made by several observers in eases of polycythemia vera seems 
to indicate that, in general, the bone marrow cytology and the degree and 
kind of hemopoietic hyperactivity are not similar in the polycythemia of high 
altitudes and in polyeythemia vera. This fact does not conform with the 
theory that anoxia is the underlying etiologic factor in the latter disease. 
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PLASMA TOCOPHEROL LEVELS IN VARIOUS PATHOLOGIC 
CONDITIONS 


Hans Popper, M.D., Po.D., ALVIN Dusty, M.S., FREDERICK STEIGMANN, MLS., 
M.D., AND FRANK P. HeEsser, B.S. 
CuicaGco, ILL. 


HE blood concentration of vitamins depends not only on exogenous factors 

such as nutrition but also to a great degree upon endogenous processes such 
as diseases. Some evidence has been presented that the plasma level of the 
tocopherols reflects the nutritional status in that it is reduced in malnutrition’ 
and sprue? but not in fibrositis.? The effect of disease upon the plasma toco- 
pherol is not established. The influence of various diseases and especially those 
of the liver upon the metabolism and plasma level of vitamin A has been the 
subject of intensive investigations.*;*> It has been shown that in the acute 
stage of hepatic disease the plasma vitamin A is lowered, less as the result of 
faulty intestinal absorption than of deficient release of vitamin A from the 
liver. This theory is based upon fluorescence microscopic findings which in 
hepatic damage revealed displacement of vitamin A from its original sites within 
the liver cell to abnormal locations® and upon chemical analyses which sug- 
gested a defect in hepatic vitamin A esterase.’ The plasma vitamin A level can 
thus, under certain circumstances, become an index of hepatic function. The 
question arose as to whether the metabolism of vitamin E as another fat-soluble 
vitamin A is subject to similar influences by the liver. This question is of 
significance since vitamin E has a protecting influence upon the liver in carbon 
tetrachloride intoxication’ and in experimental nutritional injury.” '° More- 
over, the recently claimed beneficial effect of vitamin E in vascular diseases" 
makes such a study desirable. 

The plasma tocopherol level in various normal and abnormal conditions, 
both before and after the intake of a test dose of tocopherol, was determined. 
It was compared with the plasma vitamin A aleohol and ester. In addition, 
the concentration of tocopherol in human liver and bile under normal and 
pathologie conditions was determined. This study was facilitated by the recent 
development of methods for the chemical determination of tocopherols in organs 
and plasma.'® 1% 14 

MATERIAL AND METHODS 
Tocopherol in serum and bile was determined by the method of Quaife12, 13 and in the 
s modifications for colorimetric assay. The 


liver by the methods of Hines'4 with Quaife 
plasma vitamin A was determined by the method of Kimble15; the partition, according to 
the recently used modification of Gillam.7,16 Plasma tocopherol was determined before 
breakfast on nine normal subjects (technicians, interns, nurses) and seventy-one patients 


suffering from various diseases. In ten instances, the determination was repeated three, 
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six (or seven), and twenty-four hours after the intake of 1,500 mg. of mixed tocopherol.* 
The time interval was chosen from experiences with the response of the plasma vitamin A 
level to the intake of large doses of the vitamin.17 The bile was obtained from patients in 
whom, during operation, biliary drainage was established. It was collected after biliary 
secretion appeared normal as to amount and appearance. The liver specimens were ob- 
tained at autopsy. 


RESULTS 


As Table I shows, the results in normal subjects agreed well with the re- 
ports in the literature. In miscellaneous diseases the range was significantly 
widened. In nephritis, the level, as a rule, was much higher than in normals, 
in nephrosis, less so. In heart diseases, the level was consistently higher than in 
normals and the highest level found oceurred in this group. In liver diseases 
without biliary obstruction, as in infectious hepatitis or cirrhosis without jaun- 
dice, the level was slightly but not significantly lower than in the normals. 
In obstructive jaundice, it was, though not regularly, higher than in normals. 
In one ease of xanthomatous biliary cirrhosis it was only slightly elevated. 
In patients with toxie hepatitis and cirrhosis with jaundice it was slightly 
higher than in normals but in some it was low. In carcinoma other than that 
of the biliary tract there was a tendency for the level to be slightly higher than 
normal, One ease of malnutrition showed normal values. 


TABLE I, TOCOPHEROL CONCENTRATION IN THE PLASMA OF NORMAL SUBJECTS AND OF 
PATIENTS SUFFERING FROM VARIOUS DISEASES 








TOCOPHEROL CONCENTRATION IN MG./100 C.c. 








NUMBER OF PLASMA 
DIAGNOSIS CASES | AVERAGE _ MAXIMUM | MINIMUM 
Normals 9 0.94 1.38 U.51 
Miscellaneous diseases 7 1.13 2.40 0.15 
Nephritis 5 1.55 1.92 1.02 
Nephrosis 4 1.16 1.68 0.81 
Heart diseases 9 1.78 2.52 1.20 
Infectious hepatitis 9 0.87 1.86 0.45 
Toxic hepatitis 5 1.36 1.83 1.17 
Cirrhosis without jaundice 6 0.92 1.95 0.39 
Cirrhosis with jaundice 14 1.26 2.28 0.51 
Obstructive jaundice 7 1G 2.51 0.36 
Carcinoma other than in 5 1.45 1.62 0.78 


biliary tract 





A plot of the tocopherol level with the plasma vitamin A level failed to 
reveal a significant correlation (Fig. 1). There was also no correlation between 
plasma level of tocopherol and that of vitamin A alcohol or ester. 


TABLE II, TOCOPHEROL CONCENTRATION IN PLASMA AND BILE 








| TOCOPHEROL IN MG./100 C.c. 








DIAGNOSIS | BILE PLASMA 
Stricture of hepatic duct 0.66 
Choledocholithiasis 2.60 
Choledocholithiasis 0.76 0.90 
Choledocholithiasis 1.40 Lay 
Choledocholithiasis 0.74 1.29 





*Kindly supplied by Hoffmann-La Roche, Inc., Nutley, N. J., as Ephynal Acetate 
(d, l-alpha-tocopherol acetate) tablets of 50 milligrams. 
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Fig. 1.—Plot of the plasma tocopherol level against the plasma level of total vitamin A. 
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Fig. 2.—Response of the plasma tocopherol level to the intake of 1,500 mg. mixed tocopherol 
in oil in normals and in patients suffering from various diseases. 








1 


Fe AMBIT 015 PIT 





PLASMA TOCOPHEROL LEVELS IN PATHOLOGIC CONDITIONS 651 


The bile obtained from patients with operative bile fistulas revealed toco- 
pherol concentrations of about the same range as the plasma (Table II). In 
the three instances in which both were determined at the same time on the same 
patient, there was a moderate parallelism. 

After intake of a large test dose the plasma tocopherol level rose signifi- 
eantly and regularly in normals; whereas in patients with acute hepatitis or 
cirrhosis the rise was, though not regularly, depressed or absent. In one ease 
of obstructive jaundice the level rose significantly from a high fasting level. 
In one patient with nephrosis, the rise was insignificant (Fig. 2). 

In two patients with liver diseases the tocopherol concentration of the liver 
was significantly lower (Laénnee’s cirrhosis, 0.441 mg. per 100 Gm.; obstructive 
jaundice, 0.944 mg. per 100 Gm.) than in two others dying from diseases not 
related to the liver (carcinoma of colon, 2.639 mg. per 100 Gm.; cor pulmonale, 
3.374 mg. per 100 Gm.). 


DISCUSSION 


The variations of the plasma tocopherol level in pathologie conditions re- 
veal no correlation with those of the plasma vitamin A level. The significant 
and characteristic decrease of the plasma vitamin A level in liver diseases and 
other severe conditions does not hold true for the tocopherol level. The latter 
reveals a slight tendency to be lower in pure hepatocellular disease but a 
definite tendency to be higher in obstruction of the biliary tract. This is also 
reflected in the elevated levels in cirrhosis with jaundice. This behavior paral- 
lels that of cholesterol which is also elevated in some hepatobiliary diseases, 
supposedly because of impaired biliary excretion. However, the concentration 
of tocopherol in the bile does not exezed its plasma concentration, in contrast 
to cholesterol. Other factors, therefore, have to be considered for the elevation 
of the plasma tocopherol level in obstructive jaundice. Its slight reduction in 
hepatocellular damage could be in keeping with the significantly lowered toco- 
pherol concentration in the liver; in nonhepatie diseases the range of the 
hepatic tocopherol concentration agrees with that reported in animals.’? 
Whether poor intestinal absorption of tocopherol in oil—already previously 
demonstrated in cirrhosis'‘’—is the only factor explaining the low hepatic stores 
in liver diseases remains to be established. 

The plasma tocopherol level is elevated in a variety of diseases, e.g., carci- 
homa, even if not involving the biliary tract. The elevation in nephritis in con- 
trast to nephrosis parallels the behavior of vitamin A but not of cholesterol." 
The rather constant elevation in cardiac diseases does not speak for a. vitamin 
E deficiency in such conditions. The latter has been assumed as rationale for 
the treatment of heart diseases with high doses of vitamin E. The elevation 
of the plasma tocopherol in pathologie conditions requires further study which 
should be associated with the clarification of the biochemical function of vitamin 
E as an antioxidant. 

SUMMARY 


1. The variations of the plasma level of tocopherol in various diseases do 
not parallel those of vitamin A and, therefore, the metabolism of vitamin E is 
influenced by endogenous factors in a different fashion from that of vitamin A. 
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2. Plasma tocopherol is only slightly and not consistently reduced in 
hepatocellular damage. It is increased in obstructive jaundice, carcinoma, 
nephritis (but not nephrosis), and most consistently in cardiac diseases. 

3. The tocopherol concentration of the bile shows a moderate parallelism to 
that of the plasma, 

4. The normal rise of the plasma tocopherol following the intake of large 
doses of tocopherol in oil is often absent in liver diseases. 

5. In the few instances studied, the hepatie tocopherol concentration was 
lower in patients with liver diseases than in those dying from other diseases. 

6. The reduction of the plasma tocopherol in liver diseases may be related 
to the factors mentioned. Its elevation in various other diseases is thus far not 
explained. 
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EVALUATION OF THE FLOCCULATION TEST WITH HAYEM’S 
SOLUTION 


EMANUEL E. MANDEL, M.D.,* AND DELMo A. Paris, M.D.,+ 
Cuicaco, ILL. 


WITH THE TECHNICAL ASSISTANCE OF DIANE T. Harris, B.S.i 


IAGNOSTIC problems, as they arise in the care of jaundiced patients, 

often call for more or less elaborate examinations which are not readily 
available to the average physician.’* Hence, a simple serum reaction with 
Hayem’s solution, reported to be a useful aid in the management of hepatic 
disorders,” *-!° appeared to be worthy of study. With an appraisal of its prac- 
tical value as the chief aim, the test was applied to a general hospital population 
and its results correlated with pertinent clinical and laboratory findings. 


MATERIAL AND METHODS 


In initial experiments, titration of fresh serum with Hayem’s solution by daylight as 
prescribed in Gros’ method4-7 was found to yield inconsistent results. The two end points, 
‘“reversible’’ and ‘‘irreversible’’ flocculation, differed in the same specimen with different 
observers, with varying intensities of illumination, and with changes in the rate of titration. 
Because of these and other shortcomings, the method was modified and standardized, as fol- 
lows. Equal volumes of serum and the reagent (usually 1 ml. of each) are mixed, a pro- 
cedure first employed by Jacobson17; development of a precipitate (‘‘irreversible floccula- 
tion’’) within one to twenty-four hours is considered a positive reaction which may be graded 
as one, two, and three plus, according to the amount of precipitate. An immediate predic- 
tion of the eventual outcome of the test can usually be made by first overlaying the serum 
with 1 drop of Hayem’s solution; while a faint transient clouding is seen with proper artificial 
light in any (normal) serum, a well-discernible ‘‘reversible flocculation’’ is an abnormal 
finding (‘‘Gros reaction’’). The results of this combined Gros-Jacobson or Hayem’s (H) 
test, as designated hereafter, are consistent and uninfluenced by accidental hemolysis or 
prolonged refrigeration of the serum, but may be interfered with by heavy lipemia. The 
Hayem’s solution used in this study contains 1.0 per cent sodium chloride according to the 
Swiss Pharmacopoeia and as described by Gros.6 The solution generally employed in this 
country containing 0.5 per cent sodium chloride was found by us.to produce precipitates in 
the sera of obviously healthy persons and, consequently, to be of no diagnostic value. 
There is no difference, however, in the value of either reagent in the performance of red 
blood cell counts. 

The H test was performed on sera from 550 clinic and hospital patients. As a rule, 
either serum left over after the routine performance of the Kahn test or part of a fasting 
blood sample drawn for other diagnostic procedures was used. These included, in 300 pa- 
tients, one or more of the tests listed in Table I. The modification of the Takata-Ara pro- 
cedure employed26 was chosen because it allows grading of the reaction more readily than 
the original technique.2*7 Weak reactions (flocculation beyond the second test tube) were 
included among the positive results. ‘‘Gamma globulin,’’ as referred to in the tables and 
text, signifies the results of the precipitation method using ammonium sulfate.29 This method 
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*Senior Surgeon, U. S. Public Health Service; Chief of Medical Service, U. S. Marine 
Hospital. Present address: Communicable Disease Center, 605 Volunteer Bldg., Atlanta, Ga. 


yAssistant Surgeon, U. S. Public Health Service; Resident in Medicine, U. S. Marine 
Hospital. 


tResearch technician, U. S. Marine Hospital. 
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TABLE I. PATHOLOGIC LEVELS CHOSEN IN BLOOD STUDIES PERFORMED 








TEST | PATHOLOGIC VALUES 





Erythrocyte sedimentation rate18 Above 20 mm. per hr. in men 
Above 25 mm. per hr. in women 

Cephalin-cholesterol flocculation19, 20* Above 2 plus (after 48 hr.) 
Thymol turbidity 21-23 Above 4.9 units 

Zine sulfate turbidity?4t Above 12 units 

Formol-gel25 Gelation 

Takata-Ara26, 27 Precipitate in first 3 or more tubes 
Total serum globulin28t Above 3.0% 

Albumin-globulin ratio2s{ Below 1.3 

‘‘Gamma globulin’’29t+ Above 1.4% 
*Difco Laboratories, Detroit, Mich. 


7Photelometer No. 606, ‘‘Cenco,’’ Central Scientific Co., Chicago, IIl. 
tPhotocolorimeter No. 313, E. Leitz, Inc., New York, N. Y. 





yields an average of 85 per cent of the true gamma fraction. The borderline between ab- 
normal and normal results of all the comparative tests was drawn so as to include only 
definitely pathologic reactions in the first group, mostly in accordance with recommendations 
by other authors (Table I). 


RESULTS AND COMMENT 


The significant clinical and laboratory findings in 300 patients are listed 
in Table II. Two hundred fifty volunteers, employment examinees, and pa- 
tients admitted for orthopedic conditions or for elective surgery served as a 
control group in .which the H reaction was consistently found to be negative. 

Hyperglobulinemia and high gamma globulin fractions were prevalent in 
the group of H-positive sera (Table IT, A). This fact and a similar parallelism 
in results with the other studies listed seem to illustrate the mechanism of the 
H test. The chemically related Takata procedure showed the best agreement 
though lower sensitivity—in accordance with observations made by other au- 
thors comparing the Takata with the Gros test. ® 1% 14115 Formation of 
a precipitate in a mixture of serum with a solution of mereury bi- 
chloride evidently depends on the presence of high-molecular protein frac- 
tions. 6, 10, 24, 26, 30, 32 

Gamma and total globulin levels, known to be major factors in all the 
reactions studied and especially in the zine sulfate test,?> 1% ?1-2% 5°-43 were 
found to be moderately raised in some H-negative sera (Table II, B). Ap- 
parently, the increase must be considerable in order to produce an H floccula- 
tion, in contrast to the highly sensitive zine sulfate turbidity. Hence, a mild 
hepatitis or an early stage of the disease may not be expected to influence 
the H. test.** 31) 5%) 5% 44-48 A return to normal of a formerly positive reaction 
may herald recovery. This, indeed, was our experience in many instances of 
primary hepatic and other disorders, such as thyrotoxicosis and acute and 
chronic infectious processes. 

There are many disorders ‘‘not primary hepatie’’*® in which the plasma 
gamma, globulin is commonly found to be augmented.*” *°-37 4% 47 50-54 They in- 
elude all those in which a positive H test was encountered, save for thyrotoxico- 
sis.5% 4% 47,55 Jn all of them the occurrence of positive sedimentation and floecu- 
lation tests has been reported?*-27 5° 52, 36, 38, 39, 42, 43, 47, 49, 56-60 and ig again dem- 
onstrated in this study. Used singly as a screening method, any one of them, 


‘ 
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including the H test, would essentially be a potential indicator of one thing 
only: organic disease, one of the many causing physicochemical plasma altera- 
tions. The lines drawn by the various procedures, and the size and character 
of the diagnostic groups encircled by them, differ according to the finer mech- 
anism of each test in which qualitative changes of the gamma fraction, 
other globulins, alterations in the albumin and lipid contents may play a 
role.24 25s 30-43, 46, 47 

In our material, the Takata and Hanger tests would appear to be the least 
reactive ones, separating only 12.1 and 13.5 per cent, respectively, of 300 cases 
as ‘‘disease suspects’’; next in relative sensitivity was the formol-gel test 
picking up 16.5 per cent; then the thymol turbidity and Hayem tests (both 
about 26 per cent), the sedimentation rate (51.5 per cent), and, finally, the zine 
sulfate turbidity test (62.6 per cent). There was variation not only in num- 
ber but also in type of cases among those ‘‘groups of suspects,’’ as exemplified 
by the incidence of primary hepatic disease in each. Of the group defined by a 
positive Takata reaction, about.30 per cent had either hepatitis or cirrhosis; 
of the group with a positive cephalin-cholesterol flocculation, 48 per cent; of 
the positive formol-gel group, 21 per cent; of the positive Hayem’s, 22 per 
cent; of the positive thymol turbidity, 49 per cent; of the elevated sedimenta- 
tion rate, 10 per cent; and of the group with a positive zine sulfate turbidity, 
18 per cent. Taking all the cases of primary hepatic disease encountered, the 
percentage of positive reactions was 20 with the use of the formol-gel test, 35 
with the Takata-Ara method, 58 with the cephalin-cholesterol flocculation, 63 
with the H test, 75 with the, sedimentation rate, 78 with the thymol, and 89 
with the zine sulfate turbidity test. Hence, in grading these procedures as 
to their relative value in detecting hepatic disorders, the formol-gel .and 
Takata tests would be on the bottom and the two turbidity reactions on top 
of the seale. Since all these tests, except the cephalin-cholesterol flocculation, 
yielded positive results in the later stages of obstructive jaundice (Table II, 
A), they cannot be relied upon, singly, for differentiation between ‘‘medical”’ 
and ‘‘surgical’’ jaundice.-* 2% 1 38, 57,58 While, in this regard, the cephalin- 
cholesterol flocculation exhibited the greatest diagnostic selectivity, the H test 
appeared to possess prognostic value since it pointed out the most severe forms 
of hepatitis and all cases of cirrhosis, as well as the more prolonged and eom- 
plicated instances of biliary obstruction. 


A positive H flocculation occurred in all cases of active rheumatoid 
arthritis, in 10 per cent of the eardiae group, in 51 per cent of acute infectious 
diseases, in 47 per cent of chronic lung disorders, and in 59 per cent of malig- 
nant neoplasms. It implied systemic illness, usually denoting the more serious 
and/or advanced ease, and was more ominous than the abnormal outcome of 
the routine sedimentation test, at times even coinciding with a normal rate. 


There were no ‘‘false positive’’ reactions. In some instances a positive H 


test was the first abnormal sign demonstrable, followed sooner or later by the 
detection of a major illness, such as cirrhosis, syphilis, pyonephrosis, pleuritis, 
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active tuberculosis, metastatic neoplasm. The test was helpful in such dif- 
ferential diagnostic questions as early obstructive or hepatic jaundice, tumor 
of the right kidney or hepatomegaly, epistaxis due to nasal lesion or to chronic 
hepatic disease, cholecystopathy or neoplastic liver involvement, ‘‘rheumatism”’ 
or rheumatoid arthritis, congestive or infectious pleural effusion, nutritional 
or leucemie anemia. A positive reaction favored, a negative one was against, 
the hepatic, infectious, or neoplastic disorder under consideration. While in 
such problems the quantitative analysis of the blood proteins would represent 
a more accurate index,” * 2° 2% 32, 37, 46, 47, 50-55 the quick orientation afforded 
by the test proved to be valuable and seldom misleading. 

A correlation of all positive H reactions with a significant increase in 
gamma globulin could either be demonstrated or, clinically, postulated, ex- 
cept for the two cases of hyperthyroidism. The results found in this con- 
dition point to a rise in serum alpha globulin and/or a fall in albumin*® *® 4% * 
as possible additional factors in the mechanism of the H test. A negative H 
reaction does not seem to rule out any of the ailments summarized, with the 
exception, perhaps, of cirrhosis of the liver and active rheumatoid arthritis— 
if such conclusions are permitted on the basis of the small number of such 
cases studied. 

It appears reasonable to include the H test in the category of serologic 
“liver function’’ tests. While all these reactions reflect serum protein changes 
which are common diagnostic features of liver disease, they are to be at- 
tributed largely to the general phenomenon of reticuloendothelial irritation 
quite independent of liver funetion.’-* 2% *1 5, 36-39% 57 Sinee the morbid processes 
in this group, including those enumerated, constitute a major part of every- 
day practice, the chief value of the H test seems to lie in its nonspecific 
sereening capacity, calling attention to the presence of organic disease, much 
like the sedimentation rate but quite different in scope. When used as a quick 
office procedure, it is apt to point out the more severe forms of those con- 
ditions; it may further provide ready supplementary evidence and serve as a 
prognostic guide. While in the diagnosis of liver disease it appears quali- 
tatively inferior to some of the standard tests in use, the clear-cut objective re- 
sults of the H reaction and the simplicity in technique, requiring no instru- 
ment, constitute practical advantages. These facts, and the general avail- 
ability of the reagent, should favor the adoption of the test as a routine elin- 
ical procedure. 

SUMMARY 


Results of a serum flocculation test with Hayem’s solution (H test) were 
compared with those of standard flocculation reactions, erythrocyte sedi- 
mentation rate, and serum protein fractionation. 

Of 550 persons screened with the test, all of the 78 (14 per cent) who 
showed a positive flocculation had a systemic illness of either metabolic, infec- 
tious, or neoplastic nature. Similar diseases occurring in some of the H-nega- 
tive eases were usually milder or less advanced. Serum globulin alterations, 





FLOCCULATION TEST WITH HAYEM’S SOLUTION 659 


as reflected by the comparative procedures, appeared to be the major factors 
producing a positive reaction. 

In the diagnosis of liver disease, the H test was found to be less specific 
than some of the other flocculation tests but was superior to most of them 
by consistently yielding a positive result in all instances of hepatic cirrhosis. 
A similar observation was made in active rheumatoid and infectious arthritis. 


The test is recommended as a simple office procedure which can provide 
diagnostic information comparable to that obtained with more elaborate floc- 
culation reactions. 
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THE COLLOIDAL RED TEST AS AN INDEX OF LIVER 
DYSFUNCTION 


ELLiIot OPPENHEIM, M.D., Maurice Brucer, M.D., aNp Eusir Frost, B.A. 
NEw York, N. Y. 


HE colloidal gold test as modified by Maclagan' is recognized as a valuable 

test in the study of liver dysfunction. However, the preparation of the gold 
sol is time consuming and tedious; these facts have restricted the wider clinical 
application of the test. In 1947, Ducci? recommended a procedure in which a 
modified scarlet red solution is used and which is carried out following the 
general principles of Maclagan’s colloidal gold reaction. The preparation of 
this solution is simple and the suspension is more stable than the gold sol. In 
the present clinical study, the colloidal red test was compared with two other 
recognized methods of a similar category, namely, cephalin-cholesterol floceu- 
lation and thymol turbidity, in 122 subjects. These included twenty normal 
individuals, eleven patients with infectious hepatitis, seven with portal cirrhosis, 
eleven with chronic cholangitis, twenty-two with chronic cholecystitis and 
cholelithiasis, seven with malignancy of the gastrointestinal tract and liver 
metastases, and forty-four patients with miscellaneous disorders. 


METHODS 

The cephalin-cholesterol flocculation test was carried out as introduced by Hanger? 
and modified by Neefe and Rheinhold.4 Values exceeding 2+ flocculation were interpreted 
as abnormal. The thymol turbidity test was performed by the method of Maclagan.5 The 
procedure was modified by adding 0.1 ¢.c. of serum to 6 ¢.c. thymol buffer solution. Values 
exceeding 4 units were considered abnormal. The colloidal red test was carried out according 
to the procedure outlined by Ducci.2 Values exceeding 2+ flocculation were considered ab- 
normal, 

RESULTS 

Table I shows the results obtained in twenty normal individuals free of 
liver or biliary tract disease. It will be noted that in no instance was the 
colloidal red flocculation greater than 2 and this occurred in only two of the 
twenty subjects. 

Table II details the results in eleven cases of infectious hepatitis (epidemic 
and homologous serum varieties). It will be noted that the colloidal red agreed 
with the cephalin-cholesterol flocculation in nine instances. In one of the re- 
maining two eases (Patient 1), the cephalin-cholesterol and thymol turbidity 
tests were negative while the colloidal red was 3+. In the other (Patient 5), 
cephalin-cholesterol flocculation was 3+ while the other tests were normal. 
Thymol turbidity compared favorably with the colloidal red test in eight of the 
eleven patients. In the other three, the thymol turbidity reaction was within 
normal limits while the colloidal red precipitation was definitely abnormal. 
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TABLE I. NORMAL SUBJECTS 








ICTERUS CEPHALIN-CHOLESTEROL THYMOL COLLOIDAL 
INDEX FLOCCULATION TURBIDITY RED FLOCCU- 
SUBJECT (UNITS) 24 HR. | 48 HR. (UNITS) LATION 
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TABLE II. PATIENTS WITH INFECTIOUS HEPATITIS 








ICTERUS CEPHALIN-CHOLESTEROL THY MOL COLLOIDAL 
INDEX FLOCCULATION TURBIDITY RED FLOCCU- 
PATIENT (UNITS) 24 HR. | 48 HR. (UNITS ) LATION 
12:5 2+ 2+ 2.9 
176.0 4+ 4h 
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3+ 3+ 
3+ 3+ 
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Table III shows the results in seven cases of portal cirrhosis. The cephalin- 
cholesterol flocculation and colloidal red tests agreed in five instances. In the 
remaining two, cephalin-cholesterol flocculation was normal while colloidal 
red precipitation was abnormal. Thymol turbidity and colloidal red precipita- 
tion compared favorably in five of six cases. In the remaining instance, thymol 
turbidity was normal whereas the colloidal red precipitation was abnormal. 


TABLE III, PATIENTS WITH PORTAL CIRRHOSIS 








ICTERUS CEPHALIN-CHOLESTEROL THYMOL COLLOIDAL 
INDEX FLOCCULATION TURBIDITY RED FLOCCU- 
PATIENT (UNITS) 24 HR. | 48 HR. (UNITS) LATION 
1 15.0 au gL 3.0 
2 15. 4} 4+ 8.0 
3 4, 2+ 
4 : 3-44 
5 . 3-44 
6 % 1+ 
7 i (ee 3+ 
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Table IV details the results in twenty-two cases of chronic cholecystitis 
with stones. Two subjects (Patients 14 and 17) had associated common duct 
stones verified at operation. In none of these was a positive colloidal red test 
obtained. In one instance (Patient 17), the cephalin-cholesterol test was 3+, 
thymol turbidity 5 units, and the colloidal red flocculation at the upper limit 
of normal. 


TABLE IV. PATIENTS WITH CHOLECYSTITIS AND CHOLELITHIASIS 








| ICTERUS CEPHALIN-CHOLESTEROL THY MOL COLLOIDAL 
INDEX FLOCCULATION TURB.DITY RED FLOCCU- 
PATIENT (UNITS ) 24 HR. | 48 1IR. (UNITS) LATION 

4.0 2.0 

5.4 1.0 
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5.5 

5.0 
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Table V indicates the results in eleven cases of chronic cholangitis. In six 
patients the cholangitis was due to bacterial infection (Escherichia coli). In 
eight, there was good agreement between the cephalin-cholesterol flocculation 
and the colloidal red tests. In the other three, cephalin-cholestero] flocculation 
was normal while the thymol turbidity and colloidal red tests were abnormal. 


TABLE V. PATIENTS WITH CHRONIC CHOLANGITIS 











CEPHALIN- a 
CHOLES- 

TEROL 
FLOCCU- THYMOL | COLLOIDAL 
ICTERUS LATION TUR- RED 
INDEX 24 | 48 BIDITY FLOCCU- ASSOCIATED CLINICAL — 
(UNITS) HR. | HR. (UNITS) LATION ORGANISM CONDITION 

0 2 0 Esch. coli 
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Esch. coli 

Ksch. coli Biliary cirrhosis 

Esch. coli Subclinical hepatitis 
Esch. coli Stenosis, common duct 
Esch. coli Biliary cirrhosis 


© CONN CTR wo D9 


id 
So 


Intrahepatic duct ob- 
struction 


—_ 
—_ 











ee er) 


—— 





COLLOIDAL RED TEST AS INDEX OF LIVER DYSFUNCTION 665 


The thymol turbidity and colloidal red reactions agreed in ten of the eleven 
eases. In the remaining one, both the cephalin-cholesterol and thymol tur- 
bidity tests were abnormal, whereas the colloidal red precipitation remained 
normal. 

Table VI shows the results in seven cases of malignancy of the gastro- 
intestinal tract with secondary metastases to the liver. In only one patient 
was an abnormal flocculation test observed, a 3+ colloidal red reaction. Ap- 
parently the colloidal red test is of no greater value in detecting carcinomatosis 
of the liver than the other flocculation tests. 


TABLE VI. PATIENTS WITH SECONDARY CARCINOMA OF THE LIVER 














3 CEPHALIN- THYMOL | COLLOIDAL 
ICTERUS CHOLESTEROL TUR- RED 
INDEX FLOCCULATION BIDITY FLOCCU- LOCATION OF 
PATIENT (UNITS ) 24 HR. | 48 HR. | (UNITS) LATION PRIMARY LESION 

1 vite 2+ 4.0 0 Colon 

2 83.0 1+ 1+ 4.0 1 Gall bladder and duo- 
denum 

3 121.0 0 — 0.5 0 Pancreas 

4 3.6 0 2.0 2 Common duct 

5 0 1.0 0 Stomach 

6 25.0 1+ 1+ 3.0 3 Ascending colon 

7 30.0 0 0 2.0 2 Head of pancreas 





Table VII details the findings obtained in forty-four paticnts with various 
diseases. It will be noted that in ten instances an abnormal colloidal red test 
was obtained. These included two patients with scleroderma, two with diabetes 
mellitus, one with chronic rheumatoid arthritis, one with chronic arthritis due 
to gout, one with thyrotoxie’ heart disease, one with schistosomiasis, one with 
chronic alcoholism, and one with duodenal uleer. In patients with scleroderma, 
schistosomiasis, and rheumatoid arthritis, an augmented precipitation of 
colloidal red might be expected because of the associated hyperglobulinemia. 
Again, patients with diabetes mellitus, thyrotoxicosis, and chronic aleoholism 
might have associated parenchymal cell damage. The abnormal colloidal red 
test in one patient with duodenal uleer remains unexplained. 


DISCUSSION 


The biochemical mechanism responsible for the flocculation of the eephalin- 
cholesterol, thymol, and colloidal red suspensions remains unexplained. In the 
absence of serum albumin, electrophoretically pure gamma globulin floceulates 
with the standard cephalin-cholesterol reagent. The minimum quantity of 
gamma globulin necessary to produce precipitation is said to be between 0.22 
and 0.11 milligram.® Kabat and co-workers’ as well as Moore and associates® 
detected no difference between gamma globulin from normal or hepatitis sera. 
On the other hand, Maclagan and Bunn® found that hepatitis gamma globulin 
was more effective in. floeculating cephalin-cholesterol emulsions at a pH of 7.8 
than normal gamma globulin. The sensitivities were 0.05 mg. and 0.5 mg. 
respectively. They also found that a mixture of alpha and beta globulins from 
patients with hepatitis floceulated the cephalin-cholesterol reagent while these 
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TABLE VII. PATIENTS WITH MISCELLANEOUS DISORDERS 








CEPHALIN- 
CHOLES- 
TEROL 

FLOCCU- THYMOL | COLLOID- 
ICTERUS LATION TUR- AL RED 

INDEX 24 48 BIDITY FLOCCU- 
PATIENT DIAGNOSIS (UNITS) | HR. HR. | (UNITS) | LATION 























1 Subacute pancreatitis 0 4.0 
2 Subacute pancreatitis 0 
3 Chronic pancreatitis 4.0 
4 Acute pancreatitis 14.6 
5 Common duct sphincter spasm 4.4 
6 Common duct sphincter spasm 4.8 
7 Common duct sphincter spasm 4.0 
8 Common duct sphincter spasm 5.2 
9 Scleroderma 
10 Scleroderma 5.0 
11 Scleroderma 10.0 
Scleroderma 6.2 
Hypertensive cardiovascular disease 7.5 
Arteriosclerotic heart disease, cerebro- 8.3 
spinal syphilis 
Arteriosclerotic heart disease 12.5 
Arteriosclerotic heart disease 
Syphilitic heart disease 7.5 
Rheumatic heart disease 12.5 
Myocardial infarction 6.0 
Congestive heart failure 30.0 
Hypertensive cardiovascular disease, 15.0 
postsympatheetomy 
Thyrotoxie heart disease 
Recurrent. thyrotoxicosis 
Chronic rheumatoid arthritis 
Gouty arthritis 
Osteoarthritis, spine 
Gastrointestinal bleeding 
Duodenal ulcer 
Duodenal diverticulum 
Chronic atrophic gastritis 
Duodenal ulcer 
Duodenal ulcer 
Diabetes mellitus 
Diabetes mellitus, hepatomegaly 
Stenosis of hepaticoduodenostomy open- 
ing 
Addison’s disease 
Pernicious anemia 
Chronie aleoholism 
Migraine 
Anatomie defect of gall bladder 
Spastie colon 
Seborrheic dermatitis 
Hookworm infestation of the small 
bowel 
Schistosomiasis 
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fractions from normal sera did not. Moore and co-workers® reported that in- 
hibition of flocculation occurred when 5.9 mg. of normal albumin were added 


to the reagent containing 0.33 mg. of gamma globulin. <A similar quantity 
of hepatitis albumin only reduced the flocculation from 4+ to 3+. Maclagan 
and Bunn® found that normal albumin was inhibitory to both normal and 
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hepatitis gamma globulin fractions in the proportion of 100:1. Thus, it ap- 
pears that the flocculation of the cephalin-cholesterol suspension depends mainly 
on some relationship between the gamma globulin and albumin fractions of 
the serum. 

The mechanism responsible for the thymol turbidity reaction appears to 
be different. According to Maclagan and Bunn? and Reeant, Chargaff, and 
Hanger,’® precipitation of the thymol reagent depends upon the presence of 
a lipid-containing fraction of the serum. Cohen and Thompson"! found by 
electrophoretic analysis that the thymol reagent precipitates beta globulin from 
both normal and hepatitis serum. Maclagan and Bunn® demonstrated that 
gamma globulin produced a faint turbidity when added to the thymol reagent ; 
the turbidity increased markedly, however, when cephalin or lecithin was added. 
They found the turbidity abolished by normal but not by hepatitis albumin. 
Thus, although the thymol turbidity reaction involves primarily the beta 
globulin fraction of the serum, there is some evidence that gamma globulin 
may also be involved but to a lesser degree. 

Electrophoretic analysis of the serum proteins responsible for the pre- 
cipitation of the colloidal red reagent has as yet not been reported, although 
such studies have been made on the colloidal gold reaction upon which this 
procedure is based. The gold sol, like the cephalin-cholesterol reagent, is pre- 
cipitated by gamma globulin and the precipitation is inhibited by serum al- 
bumin.® Alpha and beta globulin mixtures have been reported to be even more 
inhibitory than albumin.® The present clinical study does not permit the 
formulation of any definite statement as to the possible mechanism responsible 
for the precipitation of the colloidal red suspension. It is interesting to note 
that this report includes several instances wherein the colloidal red test was 
definitely abnormal while the cephalin-cholesterol and thymol turbidity re- 
actions were within the normal range. 

It should be emphasized that the tests used in this study are indicators of 
changes in the blood protein fractions. They mirror primarily alterations in 
gamma globulin and, to a variable degree, albumin and beta globulin. Because 
changes in these protein fractions are an accompaniment of hepatic disease, 
these tests are of value as indices of hepatic damage. Positive flocculation tests 
are not always the result of hepatic disease, as noted in Table VII. 

The fact that positive flocculation tests occur in hepatic disease only when 
the parenchymal cell is damaged makes them useful as an aid in the differential 
diagnosis of jaundice (see Tables II, III, and VI). The colloidal red test, like 
the cephalin-cholesterol flocculation and thymol turbidity reactions, is. normal in 
early extrahepatic (major bile duct) obstruction, i.e., before secondary damage 
to the liver cells has occurred by interference with bile flow. 

In summary, it may be stated that the colloidal red reaction is a sensitive 
test for determining alterations in the serum protein fractions resulting from 
damage to the parenchymal cells of the liver. Its technical simplicity reecom- 
mends it for routine use. This statement does not imply that the colloidal red 
test should replace the other flocculation procedures; in fact, these tests sup- 
plement rather than supplant each other. Obviously, the simultaneous per- 
formance of the three flocculation procedures described in this paper offers : 
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better panorama of the underlying alterations in the serum protein fractions 
than can possibly be surmised by the use of any single procedure alone.” 1° 


SUMMARY 


1. A elinical evaluation of the colloidal red flocculation test is presented. 
In 122 subjects the test was compared with two other widely used procedures 
of a similar type, namely, the cephalin-cholesterol flocculation and thymol tur- 
bidity tests. 

2. This study reveals that the colloidal red test is a sensitive and technically 
simple procedure for detecting alterations in the serum protein fractions ac- 
companying hepatic disease. Its use as an aid in the differential diagnosis of 
jaundice is recommended. 
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THE INFLUENCE OF DIBENAMINE UPON CIRCULATORY 
REACTIONS TO EPHEDRINE AND NEOSYNEPHRINE 
IN NORMAL MAN 


WALLACE M. Suaw, M.D., E. M. Papper, M.D., aNp E. A. RovEnstINgE, M.D. 
New York, N. Y. 


NE of the drugs most recently employed to produce blockade of the sym- 
O patho-adrenal system is Dibenamine* (dibenzyl-8-chloroethylamine). Nick- 
erson and Goodman! have reported on its efficacy in preventing the vasopressor 
response to epinephrine and the excitatory response of smooth muscle to 
sympathetic nerve stimulation as well as to epinephrine in several organs of 
the body. They indicate, in addition, that the inhibitory effects of epinephrine 
are not influenced by the drug. 

Different experimental methods have been employed to demonstrate the 
important protection that Dibenamine exerts against the cardiac effects of 
epinephrine in animals anesthetized with cyclopropane’ * as well as those not 
subjected to anesthesia during the course of study.*}* Although the site of 
action of this drug is not definitely established, the available evidence sug- 
gests that Dibenamine acts directly upon effector cells to prevent the responses 
to sympathin E and the excitatory manifestations of epinephrine.’ 


3ecause of these interesting properties of Dibenamine, this study was 
undertaken to determine its effects on the actions of two commonly employed 
vasopressor drugs, ephedrine and Neosynephrin. 


METHODS 


The vasomotor responses to ephedrine sulfate or Neosynephrin hydrochloride as mani- 
fested by changes in blood pressure, pulse rate, digital pulsations, and finger volume were 
measured in normal human subjects before and after Dibenamine administration, permitting 
each to act as his own control. Ephedrine was studied in this manner in three subjects and 
Neosynephrin in three others. 

All tests were carried out approximately two hours after meal time in a dimly illuminated 
room at a temperature of 26 to 29° C. The subjects were observed in the supine position 
on a comfortable table after a slow intravenous infusion of physiologic saline solution had 
been started. Measurements of blood pressure were made by auscultation using a mercury 
sphygmomanometer with a pneumatic cuff applied to the right upper arm. The digital 
pulsations, pulse rate, and changes in finger volume were recorded on a Turner ee 
graphé, 7 with the cup covering the distal phalanx of the left index finger. 

A period of psychic and physical rest was allowed until the functions under observa- 
tion had reached a steady state. These values for blood pressure and pulse rate are given 
in Table I. The absolute values for finger volume and amplitude of digital pulsations are 
of less importance.?/ Normally there are gradual variations in both these values. Changes 
to be significant should be sudden, reproducible, and related to known causes. 


From the Department of Anesthesia, New York University College of Medicine and the 
Anesthesia Service, Bellevue Hospital. 

Received for publication, Feb. 2, 1949. 

*Dibenamine was supplied by Givaudan-Delawanna, Inc., Delawanna, N. J., through the 
courtesy of Dr. W. Gump. 
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Without the subject’s knowledge, the test drug, ephedrine (37 mg.) or Neosynephrin 
(1.5 to 2.0 mg.), was then injected intravenously, and the effects were recorded. A day or 
two later Dibenamine hydrochloride, supplied as a 5 per cent solution in 50 per cent alcohol, 
was administered to the subjects in doses of 4 to 5 mg. per kilogram of body weight in an 
infusion of 300 to 500 ¢.c. of physiologic saline solution over a period of thirty to eighty 
minutes. With rapid administration, nausea was seen in Subject 3. One person (Subject 6) 
suffered a burning pain and tenderness along the course of the vein receiving the infusion 
until the Dibenamine was diluted to 600 ¢.c. and local heat was applied. Within three hours 
of the completion of the administration of Dibenamine, the observations described were re- 
peated. In Subject 2, observations were recorded only ten minutes after the completion of 
the Dibenamine infusion and the control series was performed nine days later. 


RESULTS 

When ephedrine was given intravenously in the control series the blood 
pressure increased within thirty to sixty seconds, reaching a maximum in three 
to six minutes. The systolic pressure increased 36 to 53 mm. and the diastolic 
pressure 15 to 24 mm. of mercury. Both returned to original levels within 
twenty minutes. Coincident with the highest blood pressure there was a 
reflex slowing of the pulse of 8 to 40 beats per minute. Then as the blood 
pressure fell, the pulse rate increased 8 to 15 beats above the original level, 
gradually returning to normal. Subject 2 exhibited an irregular pulse rhythm 
characterized by pulsus alternans during the bradyeardia. Finger volume was 
decreased by 0.03 to 0.07 ¢.c. within three minutes and gradually returned to 
the original size. The amplitude of digital pulsations was decreased by 0.005 
to 0.011 ¢.e. per 5 ¢.e. of finger mass within three minutes after the ephedrine 
injection and returned to normal in ten minutes. 

After Dibenamine had been administered, the responses to intravenous 
ephedrine were reduced. The increase in systolic pressure was 10 to 30 mm. 
and the diastolic pressure 0 to 16 mm. mercury. No bradyeardia was noted. 
There was an increase in pulse rate (4 to 18 beats per minute) within six min- 
utes and it remained elevated for more than fifteen minutes. There were no 
episodes of pulse irregularity. In Subjects 1 and 3 the finger volume was de- 
creased by 0.08 and 0.13 eubie centimeter. In Subject 2 there was a gradual 
increase in finger volume. The amplitude of digital pulsations decreased by 
0.007 ¢.e. per 5 ¢.e. in Subjects 1 and 3, but remained unchanged in Subject 2. 
These results are epitomized in Table I. 

In the control trials, after Neosynephrin was given intravenously the 
systolic pressure was increased by 68 to 100 mm. Hg within one to four min- 
utes and the diastolic pressure increased 34 to 50 mm. Hg in the same time. 
Both systolic and diastolic pressures returned to original levels in fifteen min- 
utes. The pulse rate was decreased by 12 to 34 beats per minute coincidentally 
with the highest blood pressure. Only Subject 5 showed a secondary rise in 
pulse rate as the blood pressure fell. With the slowest bradycardia, pulse 
irregularities consisting of extrasystoles were exhibited by Subjects 4 and 6. 
The finger volume was decreased by 0.22 ¢.e. and 0.07 ¢.e. in subjects 4 and 5 
and returned to normal within five to eleven minutes. The amplitude of 
digital pulsations was decreased by 0.011 to 0.032 ¢.e. per 5 ¢.e. finger mass and 
returned to the original levels in eight to ten minutes. 
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After the administration of Dibenamine, Neosynephrin no longer pro- 
duced such dramatic effects. The rise in systolic pressure was only 10 to 20 
mm. mercury. Diastolic pressure rose 10 and 8 mm. Hg in Subjects 4 and 6 
and fell 4 mm. Hg in Subject 5. The pulse rate rose slightly in Subjects 4 and 
5 but fell 18 beats per minute in Subject 6. There were no instances of irregu- 
lar pulse rhythm. Finger volume did not change appreciably. The amplitude 
of digital pulsations decreased in Subjects 4 and 6 and inereased in Subject 5. 
These results are summarized in Table I. 


DISCUSSION 


It will be seen that with the doses used, Dibenamine hydrochloride al- 
most completely prevented the vasopressor effects of Neosynephrin. Periph- 
eral vasoconstriction, as evidenced by a decrease in finger volume and decrease 
in the amplitude of digital pulsations, was minimized also. 


The vasopressor effects of ephedrine were mitigated but not abolished by 
Dibenamine. Increases in blood pressure, while lower after Dibenamine, were 
still appreciable. Digital vasoconstriction in response to ephedrine was not 
prevented in two out of three trials (Subjects 1 and 3). In Subject 2, digital 
vasoconstriction was prevented by Dibenamine. An explanation may be found 
in the fact that the test was performed only ten minutes after the Dibenamine 
infusion had been completed. 


These findings indicate the existence of different modes of action for 
ephedrine and Neosynephrin. Others’ * * have demonstrated that Dibenamine 
completely abolished the pressor effects of epinephrine. Ephedrine, accord- 
ing to Gaddum,* acts by inhibiting amine oxidase, a ubiquitous enzyme, which 
destroys sympathin. The action of sympathin is thus potentiated. However, 
if the action of ephedrine was mediated through sympathin, Dibenamine 
should prevent its pressor actions. That it does not do so is evidence against 
this postulate. 

Since the vasopressor and vasoconstrictor effects of ephedrine are not 
completely abolished by Dibenamine, ephedrine should be more effective than 
either epinephrine or Neosynephrin in producing these results in patients to 
whom Dibenamine has been administered. 


SUMMARY 
Cireulatory responses to ephedrine and Neosynephrin were observed in 
man before and after the administration of Dibenamine hydrochloride. 

The vasopressor and vasoconstrictor actions of Neosynephrin are almost 
completely prevented by Dibenamine. The vasopressor effects of ephedrine 
are decreased and the vasoconstrictor effects are not appreciably affected by 
Dibenamine. 
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ESTIMATION OF THE PORTAL CIRCULATION TIME IN MAN 


HErBeErt I’, NEwMAN, M.D., Anp IRA B. ConHEn, M.D. 
New York, N. Y. 


seepage resistance to portal blood flow occurs in Laénnec’s cirrhosis 
and other diseases of the liver and portal vessels. Such increased resistance 
results in the portal hypertension which produces so many of the clinical 
manifestations of hepatic disease. Another consequence of augmented resist- 
ance in the portal circuit must be retardation in the velocity of portal blood 
flow with increase in portal circulation time. Estimation of the portal circula- 
tion time furnishes an approximate measure of the resistance in the portal 
circuit and thus an indication as to whether or not portal hypertension is 
present. A method for the quantitative estimation of portal circulation time 
may indicate portal hypertension before it is clinically recognizable by bleeding 
esophageal varices, ascites, or other late evidence and may also afford an index 
of the suecess of operative measures for the relief of portal obstruction. 


METHOD 


Two glass 100 ¢.c. syringes are conrected by a glass Y tube to a stiff rectal tube. 
Through this tube, 3 ¢.c. of ethyl ether are instilled into the glass Y and the rectal tube is 
clamped with a hemostat. The entire apparatus is dipped into a pail of hot water which 
rapidly vaporizes the ether. The lubricated rectal tube is passed per anum into the lower 
sigmoid and the 200 ¢.c. of ether vapor are rapidly insufflated into the bowel. The time 
between ether insufflation and the detection of its odor on the breath of the patient (gross 
portal circulation time) is measured. No untoward side actions have been observed in 
more than a hundred determinations and sigmoidoscopie examination after testing has 
failed to reveal any signs of local mucosal irritation. 


INTERPRETATION 


The measured gross portal circulation time represents the summation of 
three components: 


1. The time for passage of ether across the bowel mucosa which has not 
been measured in man but is presumably short. 

2. The portal circulation time in its strictest sense. 

3. The time required for transit of blood from the hepatie veins to the 
pulmonary capillaries. This time must be less than the ‘‘right heart time’’ of 
Hitzig* which is the time elapsing between the injection of ether into an ante- 
cubital vein and its appearance in the expired air. In the absence of right 
heart failure, this latter interval is less than eleven seconds. 

It is conceivable that a portion of the ether may be transported through 
the lower hemorrhoidal veins into the vena cava, by-passing the portal system. 
Further exploration of this possibility is necessary. A disadvantage of this 

From the Joseph and Helen Yeamans Levy Foundation, Beth Israel Hospital. 

Received for publication, Feb. 9, 1949. 

*Hitzig, W. M.: Measurement of Circulation Time From Antecubital Veins to Pulmonary 


Capillaries, Proc. Soc. Exper. Biol. & Med. 31: 935-938, 1934. 
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technique is that the end point is completely subjective and will vary with 
different observers, although for each observer a normal range can be secured. 
A more objective technique, utilizing radioactive gas, is being investigated. 
However, the present method has the advantage of not requiring any special 
apparatus or training and can be used at the bedside by the general prac- 
titioner. 
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CARDIAC CARDIAC HEPATIC HYPO- CIRRHOSIS 
SUBJECTS SUBJECTS FUNCTION WITH- WITH ASCITES 
COMPENSATED DECOMPENSATED OUT MELENA OR OR MELENA 
ASCITES 


GROSS PORTAL CIRCULATION TIME IN FIVE GROUPS OF PATIENTS 


Pig. 1. 


RESULTS 


In thirty-four normal controls and three compensated cardiac subjects, 
the gross portal circulation time ranged between 11 and 25 seconds. The span 
in seven decompensated cardiac subjects and in one clinically compensated 
cardiac patient was between 32 and 65 seconds. Seven patients with Laénnec’s 
cirrhosis with clinical evidence of portal hypertension evinced by either melena 
or ascites but without evidence of cardiac failure gave measured times between 
34 and 180 seconds. 
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A group of fourteen cases of miscellaneous types of hepatic disease were 
studied. None of these subjects had melena or ascites or cardiac failure but all 
showed hepatic hypofunction by the usual liver function tests. Half of these 
subjects presented gross portal circulation times lower than 25 seconds, while 
the remaining seven had prolonged times between 27 and 65 seconds. This 
latter group may represent cases of portal hypertension without clinical mani- 
festations. Prolonged gross portal circulation time due to heart failure can be 
readily differentiated from that of portal cirrhosis by the prolonged arm-to- 
tongue circulation time in the former. 


SUMMARY 


A simple method for the quantitative estimation of portal circulation time 
is described. 





ACTINOMYCES BOVIS IN TISSUES AND BODY FLUIDS 


Puiuip ScHain, D.Sc., ANNE DE STEFANO, B.A., AND JOSEPH P. KAzLowskI, B.S. 
StatEN Isuanp, N. Y. 


INTRODUCTION 


HIS work is being presented to show the incidental finding of Actinomyces 

bovis in diseases other than actinomycosis. The study was prompted by the 
discovery of A. bovis in a bone marrow aspiration from a suspected case of 
brucellosis, which was determined later to be Hodgkin’s disease. Consequently, 
various materials, such as blood and bone marrow, from all subseqyent cases of 
Hodgkin’s disease, brucellosis or related syndromes, were cultured for this 
organism. Routine bone marrow aspirations from patients with various blood 
dyserasias were cultured as controls. <A. bovis was recovered from specimens 
of seven patients. The presence of this organism in the bone marrow or blood 
of individuals suffering from a disease other than actinomycosis has not pre- 
viously been reported. . 

We are prompted to publish this preliminary report because of the scarcity 
of proper material for study at this institution. Further investigation at this 
and other laboratories will test the value of our findings. 


METHODS 


The media used were products of Difco, and consisted of brain heart infusion, Tryptose 
broth, Tryptose phosphate broth, and thioglycollate broth. The latter was distributed in 
20 ¢.c. quantities in tubes and the others in 60 ¢.c. quantities in flasks. 

Inoculation of media with the body fluids and tissues was as follows: Bone marrow: 
Two milliliters of bone marrow wére added to 3 ml. of 2.5 per cent sodium citrate in distilled 
water. One milliliter of this mixture was added to each of the flasks of different media 
and 0.5 ml. to each of two tubes containing thioglycollate broth. Blood: Fifteen milliliters 
of blood were added to 3 ml. of 2.5 per cent sodium citrate solution and of the mixture 4 ml. 
quantities were added to the flasks of different media and 1 ml. to each of two tubes of 
thioglycollate broth. All other specimens were inoculated ad librum. 

Incubation was carried out at a temperature of 37° C. The brain heart infusion cultures 
were kept in the normal atmosphere and the Tryptose broth cultures (for cultivation of 
Brucella abortus) were maintained in an atmosphere of increased carbon dioxide. Specimens 
inoculated into the Tryptose phosphate broth were grown under anaerobic conditions. Of 
the two tubes of thioglycollate broth seeded with each specimen, one was grown in an 
anaerobic atmosphere and the other in an atmosphere of increased carbon dioxide. 


CASE HISTORIES 


CasE 1 (No. 4328).—A clinical problem diagnosed as brucellosis. The ‘Brucellergen 
skin sensitivity reaction and the brucella agglutination tests were negative initially, but the 
latter became positive (1 to 640) after the skin test and subsequent vaccination with brucella 
antigen. Eleven specimens of blood, one of bone marrow, and one of spinal fluid were 
cultured for brucella and other organisms. Of these, one blood culture, the bone marrow 
specimen, and the spinal fluid showed A. bovis. The diagnosis of Hodgkin’s disease was made 
on necropsy findings. 


From the Laboratory Service of the Veterans Administration Hospital. 


Published with permission of the Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions expressed or 
conclusions drawn by the authors. 
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CASE 2 (No. 8739).—Brucellosis and Hodgkin’s disease were the diagnoses considered. 
Agglutination tests for brucella were negative. Twelve specimens of blood, two of bone 
marrow, one liver biopsy specimen, four sputa, and one sample of gum scrapings were 
cultured. Of these, A. bovis was recovered from one blood specimen, the two bone marrow 
samples, and the liver biopsy. The final clinical diagnosis of Hodgkin’s disease was con- 
firmed by the liver biopsy. 

CASE 3 (No. 8823).—Clinically diagnosed as Hodgkin’s disease; confirmed histologically. 
One specimen of blood and one of bone marrow were cultured, the latter showing the presence 
of A. bovis. 

CASE 4 (No. 8635).—An ophthalmologic problem, diagnosed as nummular keratitis, most; 
probably due to brucellosis. Brucella agglutination, Brucellergen skin test, and opsonic 
index failed to confirm Brucella as the etiologic factor. Two blood specimens, two bone 
marrow aspirations, and corneal scrapings were bacteriologically studied. A. bovis was re- 
covered from the two bone marrow aspirations and the corneal scrapings. 

CasE 5 (No. 9340).—Clinical diagnosis of xanthoma tuberosum. In the routine study 
of bone marrow, a culture also was done and A. bovis was recovered. 

CasE 6 (No, 9936).—Clinically diagnosed as abdominal granuloma. Culture of a bone 
marrow aspiration revealed the presence of A. bovis. 

CASE 7 (No. 9912).—Clinically diagnosed as Hodgkin’s disease; confirmed histologically. 
The culture of bone marrow aspiration showed A. bovis. 

A. bovis was not found in the single bone marrow samples of two patients with clinically 
diagnosed and histologically confirmed Hodgkin’s disease. 

Six patients with various blood dyscrasias, requiring bone marrow studies, were used 
as controls. Their bone marrow was cultured as described, with negative results. 


RESULTS AND SUMMARY 
A, bovis, in pure culture, was isolated from the body fluids and tissues of 
four patients with proved cases of Hodgkin’s disease, from one with a disease 


associated with brucellosis, from one diagnosed clinically as having abdominal 
granuloma, and from one with xanthoma tuberosum. 


From this group, the organism was recovered in nine out of nine bone 


marrow aspirations, two of the twenty-four samples of blood, and from the 


spinal fluid, liver biopsy section, and corneal scrapings. 

A, bovis was not found in the single bone marrow samples taken from two 
proved eases of Hodgkin’s disease and from six patients with blood dyserasias, 
or from more than 1,000 samples of blood and approximately 7,500 other speci- 
mens grown in the same fashion as described during this investigation. 

Earliest and most consistent growth was seen in the thioglycollate broth 
incubated in a carbon dioxide atmosphere and in Tryptose phosphate broth 
grown under anaerobic conditions. Growth occurred at an average of six days 
in both media. 

This work is being published to present the incidental finding of A. bovis 
in diseases other than actinomycosis. It is not the intention of the authors to 
indicate that A. bovis is the causative agent of any disease other than actino- 
mycosis. The finding of this organism in the tissues and body fluids of patients 
who have granulomatous diseases is provocative. It is entirely possible that 
if other disease entities were investigated, similar findings might result. 
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Patients not having clinical actinomyecosis may harbor A. bovis in their 
mouths, teeth decay, and mucous membranes, whence it is feasible that the 
organism, under favorable conditions, may enter the blood stream. Since 
A. bovis has been found repeatedly over several months of observation in the 
same patients, it does not seem to be merely a transient invader. The obvious 
disturbance of the reticuloendothelial system in granulomata may render a 
patient more susceptible to a chronic bacteremia with involvement of the tissues 
and body fluids. 


Serologic as well as further bacteriologic studies are being carried out as 
material becomes available. 


Grateful acknowledgment is made to Dr. N. F. Conant, of Duke University, and Major 
P. R. Carlquist and Major L. R. Kuhn, of the Army Medical School, for confirming the 
identity of the organisms. 





DEUTERIUM OXIDE AND THIOCYANATE SPACES IN 
PROTEIN DEPLETION 


V. HoLuanpver, M.D., Px.D.,* P. Coane, M.S., ANp Co Tut, M.D. 
New York, N. Y. 


REVIOUSLY, the partition of body fluid between the extracellular and 

intracellular spaces has been attended by indirection and assumption.” ? 
This type of approach has shown the importance of such data in understanding 
the distorted electrolyte and fluid balance in such clinical conditions as diabetic 
acidosis* and infantile diarrhea.* The simultaneous determination of total body 
water and extracellular fluid volume theoretically gives the intracellular fluid 
volume by difference without the assumptions which have been necessary in the 
past. 

Total body water has been measured by desiccation in the human being® 
and values of 58 to 67.6 per cent of the body weight have been obtained. The 
technical difficulties of such a procedure are easily appreciated and the method 
is of course worthless for clinical investigation. The ideal method is to use a 
tracer substance which will be everywhere in equilibrium with body water. 
Sulfanilamide was for a time used for this purpose, and it gives values of the 
correct order of magnitude.* 7 * Urea®?° and thiourea’ '* have been tried. 
Apparently none of these three substances distribute themselves equally and 
exclusively in the body water. Since it has been shown that in normal] adults of 
many mammalian species fat is a diluent and water is a relatively constant por- 
tion of the lean body mass,'* it has been suggested that an independent method for 
total body fat be established and water determined from this relationship. The 
specific gravity method for total body fat has been used for this purpose’ 
and results of reasonable magnitude have been obtained. One of the best 
theoretical approaches to this problem, the simultaneous determination of body 
fat and water through differential solubilities of gases in body tissue,'® has been 
neglected from the experimental point of view. The best data on total body 
water in man comes from isotopic measurements. Hevesy and Hofer’ first 
used deuterium oxide in man. Using oral administration, they got a value of 
63 per cent of body weight. Moore obtained a value of 72.5 per cent in a human 
subject.'* Pace’? obtained a value of 64.7 per cent of body weight in a human 
subject, using tritium oxide. We decided to use deuterium oxide as a tracer 
for total body water, although when T.O of higher activity becomes available 
and simpler techniques for its measurement are developed it may well provide 
a better method. 


From the Surgical Laboratories, Department of Surgery and the New York University 
Surgical Division of Bellevue Hospital. 

This work was supported in part by grants from Johnson & Johnson, Mead Johnson & 
Company, E. R. Squibb & Sins, Eli Lilly & Company, Arlington Chemical Company, and the 
J. B. Roerig & Company. 

Read by title before the Federation Proceedings meeting in Atlantic City, March 19, 1948. 

Received for publication, Jan. 27, 1949. 

*Present address: Department of Medicine, New York Post Graduate Hospital. 


680 











DEUTERIUM OXIDE AND THIOCYANATE SPACES IN PROTEIN DEPLETION 681 


Though many methods are in vogue for measuring extracellular fluid 
volume, none at present seems satisfactory. Thiocyanate is rapidly distributed, 
is easy to determine chemically, and has a slow rate of urinary excretion. On 
the other hand, it enters the red blood cells and is secreted by several digestive 
glands. Most studies with thiocyanate in normal men give values of from 20 to 
28 per cent of the body weight.?° *1 22 Suerose has the advantage of not being 
an electrolyte, and therefore correction for Donnan effect is unnecessary. 
Sucrose is excreted so rapidly in the urine that an accurate measure of sucrose 
space is difficult. The sucrose space?! appears to be 17 to 20 per cent of the 
body weight.?* Radiosodium and thiocyanate spaces have been compared in 
man.** In normal men the sodium space (corrected for sodium which has 
penetrated bone) is 21.1 per cent of body weight and thiocyanate space, 23.5 
per cent of body weight. In another study, thiocyanate space was compared 
with radiosodium and radiochloride space”! in the dog. Here the volumes of 
distribution of CNS, Na?*, and Cl** were 36, 20, and 25 per cent respectively 
of the body weight. Thus the dog may show dissociation between the values 
for extracellular space determined by thiocyanate space and by other tech- 
niques.** Thioeyanate, sucrose, and sulfate ion have approximately the same 
volume of distribution.21 Bromide has been used as a measure of chloride 
space.2? Further doubt has been cast on the thiocyanate space as a true repre- 
sentation of extracellular fluid volume, since in malaria, spotted fever, and 
bacteremia'® it may approach the value of total body water. In normal indi- 
viduals, one might feel certain that at least the order of magnitude of the thio- 
cyanate space was correct for extracellular fluid volume because of the con- 
cordance in volumes of distribution of the several substances cited: but, in the 
nephrectomized rabbit, thiocyanate distributes itself in a volume of 30 per cent 
of the body weight, while inulin—a substance which is known not to enter the 
red cell, nor to be secreted by digestive glands, nor to suffer any binding to 
plasma protein—has a volume of 20 per eent.2* Inulin might well be the ideal 
substance to measure extracellular fluid volume, but a method will have to be 
developed to circumvent its rapid urinary excretion. In spite of these dif- 
ficulties in interpretation of thiocyanate space values, we have routinely used 
them in this work, although we are at present critically evaluating the thio- 
cyanate space in patients showing abnormalities in water metabolism. 

This study of human beings is divided into three parts: a study of two 
normal subjects, three cases of protein depletion, and a rather detailed study 
of the rehabilitation of two cases of protein depletion by the use of very high 
protein intakes of the order of magnitude referred to as ‘‘hyperproteinization”’ 
in this laboratory.* 

Hereinafter the thiocyanate space will be designated SCN-S; the per kilo- 
eram thiocyanate volume, SCN-S/W;; the total body water, TBW; and the per 
kilogram body water, TBW/Wt. 


METHOD 


SCN-S,”" nitrogen balance, and general metabolism techniques were carried 
out as described previously from this laboratory.2? TBW was measured using 
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deuterium oxide as tracer. A carefully measured volume of 99.8 per cent of 
heavy water was delivered slowly from a burette attached to an intravenous 
needle and a quantity injected sufficient to bring the concentration of D,O in 
the body fluid in the range of between 0.1 per cent and 0.2 per cent. Ten milli- 
liter samples of blood were drawn at one, two, and three hours following in- 
jection of DO. If the patient had had previous injections of heavy water, an 
initial 10 ml. sample of blood was necessary as a blank. The D,O concentration 
reached equilibrium in less than an hour, confirming a similar observation of 
Moore.'* The three samples of blood may thus be treated essentially as tripli- 
cates. The blood was transferred to 125 ml. flasks equipped with ground-glass 
joints which were promptly stoppered. The blood was then frozen as a film in 
the inside surface of the bulb by rotating the flask slowly in a Dewar flask filled 
with crushed dry ice. No organic liquid was ever mixed with the dry ice to 
form a freezing mixture, and organic vapors in the laboratory were scrupulously 
avoided to prevent contamination of the water samples. The flasks were rapidly 
attached to a vacuum distillation apparatus such that the water which was 
lyophilized from the blood was condensed in a trap cooled by dry ice. This 
water was purified by a modification of the method of Keston and co-workers.*° 
Both the samples and the standards were passed through an electric furnace 
in an atmosphere of liquid air oxygen in order not only to oxidize the organic 
impurities present, but also to adjust the 0'8/O'* ratio from that of ‘‘water’’ 
oxygen to that of ‘‘air’’ oxygen.*! The water was then distilled from 15 ml. 
flasks attached by means of ground-glass joints to a small condenser. The 
samples were distilled after adding a few erystals of potassium permanganate 
and a tiny fragment of dry potassium hydroxide. Since at this stage the volume 
of the water is 5 ml., one need not fear deuterium exchange with the replaceable 
proton of the alkali. An arbitrary middle fraction was collected from this 
distillation in 10 ml. glass stoppered weighing bottles. (This distillation is 
best not done on humid days.) The concentration of the deuterium was then 
determined by a modification of the falling drop method of Keston, using instead 
of the mereury filled capillary pipette which has hitherto been used by other 
workers, a constriction pipette of the type described by Levy.*? This pipette 
has the advantages of great reproducibility, ease of construction, and freedom 
from the ever-present danger of air leaks which can occur with the mereury 
column pipette. The one-, two-, and three-hour samples show an average devia- 
tion from the mean of 3 per cent. Times of fall, in the concentration range of 
(.1 to 0.2 per cent, DO, agreed on an average of 0.2 second (or 0.002 per cent, 
D.0). Temperature was controlled to +.001° C. 


EXPERIMENTAL SUBJECTS 


The normal subjects, H and T, were members of our own research team (Table I). 
The four depleted subjects, D, F, B, and C, were patients in the metabolic ward of the 
Third Surgical Service of the Bellevue Hospital. D and F had carcinoma of the tongue 
and granuloma of the sigmoid respectively. In these two only initial determinations were 
made. In both B and C, serial determinations were performed during different phases of 
repletion. Abstracts of the histories of these last two subjects appear below. 
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TABLE I. ToTaAL Bopy WATER AND RELATED VALUES OF Two NORMAL AND FOUR 
DEPLETED SUBJECTS 








1W TBS 
SCN-S (TBW- (WT.- 
wT. SCN-S PER KG. TBW TBW % CNS) TBW ) 
SUBJECT (KG.) |(LITERS) | (C.C.) | (LITERS) wT. (LITERS) | (KG.) 
91 PA 238 50.0 54.9 28.3 41 
72.5 21.1 291 42.4 58.5 21.3 30.1 
47.3 20.6 436 31.1 65.8 10.5 16.2 
44.5 20.6 463 33.6 76.4 13.0 10.9 
9/ 5 50.7 20.8 410 37.0 73.0 16.2 13.7 
10/7 2 52.7 19.4 349 33.1 62.8 13.7 19.6 
11/13 59.3 20.4 344 35.1 59.2 14.7 24.2 
9/29 39.3 16.7 425 26.9 68.5 10.2 12.4 
12/18 47.3 16.1 340 28.2 59.6 12.1 19.1 
1/21 50.0 16.7 334 28.3 56.6 11.6 21.7 
37 i 13.9 13.9 265 28.4 54.1 14.5 24.1 
SCN-S, sodium thiocyanate space. 
TBW, total body water. 


IW, intracellular water. 
TBS, total body solids. 








Subject B.—A 39-year-old colored .man whose premorbidity weight was 71.0 kilograms 
had swallowed lye in a suicidal effort on April 6, 1947. Prompt emergency treatment was 
given, but an esophageal stricture developed and on July 8 his weight was 53 kilograms, 
total plasma proteins were 6.25 Gm. per cent, Hgb. 11 Gm. per cent, and R.B.C. 3,950,000. 
On July 19 gastrostomy was done and the patient was hyperalimentated through the 
gastrostomy opening in an effort to restore the nutritional status. His gain in weight and 
strength was quite satisfactory, as can be seen in Table I, and on November 13 he weighed 
59.3 kilograms, had improved greatly in strength, and the plasma proteins were 6.8 Gm. per 
cent, Hgb. 13.8 Gm. per cent, and R.B.C. 4,540,000. On Jan, 15, 1948 a transthoracic 
esophageal resection was done with closure of the gastrostomy. 

Subject C—A 53-year-old Chinese man whose premorbidity weight had been 66.5 kilo- 
grams was admitted to Bellevue Hospital Psychiatric Service July 7, 1947 after he made a 
suicidal effort at another hospital where he had undergone laparotomy for duodenal ulcer 
with bleeding. At that time Hgb. was 4.7 Gm. per cent, R.B.C. 1.17 million, and 2+ ankle 
edema was present. On transfusion of blood and administration of protein hydrolysate the 
patient became rational and was up and about the ward on July 20. On August 19 an 
infradiaphragmatic vagotomy with gastroenterostomy was done and the patient was sent 
to the metabolic ward to be rehabilitated since his weight was 35.9 kilograms. D, F, B, 
and C had lost 36, 38, 28, and 36 per cent of body weight. 


RESULTS 


An example of the reproducibility of results obtainable with the method of 
determining TBW is seen on examination of the data obtained from the normal 
subjects H and T. 


HOURS AFTER D,O SUBJECT H SUBJECT T 


al 49.1 42.9 
2 51.3 43.0 
3 49.6 41.3 


50.0 L 42.42 


H had a total body water of 55 per cent of his body weight. If the con- 
cept of lean body mass° is correct, and 73.2 per cent of this man’s lean mass 
is water, then lean mass is 68.3 kg., and his fat content 22.7 kg., or 25 per cent 
of body weight. His moderate obesity explains his somewhat low water con- 
tent. 
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The extracellular fluid volumes for H and T were 21.7 and 21.1 respectively. 
The ratios of thiocyanate space to weight (CNS/W) were 238 and 292 ml. per 
kilogram. It will be noted that the thiocyanate space represents 43.4 and 50 
per cent of total body water. 

As may be seen in Table I, all of the depleted subjects showed expanded 
SCN-S at the initial test, the initial per kilogram values all being over 400 C.c., 
and the ratio SCN-S/TBW being 66.3, 61.4, 56.2, and 62 respectively, while in 
the two normals the corresponding values were 50 and 42.4. This expansion of 
the SCN-S has been reported by other workers, among whom must be mentioned 
Lyons,** Mollison,** Walters and associates,*> Henschel and associates,** and Co 
Tui and co-workers.”® 

The ratio TBW/Wt. is also worth noting. In the two normal subjects this 
value was 0.550 and 0.585. In the four depleted subjects (D,F,B, and C) this 
ratio ranged from 0.655 to 0.730. 

If the SCN-S were a faithful representative of the extracellular space, it 
would be possible to calculate the degree of hydration of the intracellular com- 
partment. This could be achieved by obtaining two factors: (a) the total body 
solids, TBS, by subtracting the weight of the TBW from the body weight; and 
(b) the intracellular water, IW, which can be obtained by subtracting the 
extracellular volume from the TBW. The ratio IW/TBS would represent the 
hydration of the intracellular compartment, assuming that all but a negligible 
portion of the body solids were in the intracellular compartment. While fully 
aware that it may be premature at this point to assign any value to this ratio, 
one is nevertheless tempted to attempt some speculation in this direction. The 
IW/TBS ratios in the two normal subjects were 0.69 and 0.71. In three of the 
depleted subjects (I, B, and C), the corresponding values were 1.19, 1.18, and 
0.82 respectively. In D it was 0.65. If these values were in fact correct, they 
would suggest an inconstant state of intracellular hydration in protein depletion. 
In view of the great variability of the plasma volume, body weight, and clinical 
edema demonstrated in protein depletion by Denz,** this possibility would be 
interesting to follow up in future studies. 


TABLE II. PREMORBIDITY AND PRESENT TOTAL Bopy SOLIDS OF DEPLETED SUBJECTS 











PREMORBIDITY WEIGHT LOSS PER CENT 
SUBJECT WT. (KG.) (%) TBS, TBS LOSS 
D 73.9 36 29.56 j 48 
F 71.8 38 28.76 62 
B 70.4 28 28.16 51 
C 61.4 36 24.56 49 


| 


TBS:, premorbidity TBS (estimated). 








In Table II the premorbidity total body solids TBS, computed as 40 per 
eent of the weight of the four depleted subjects are set forth against their 
present total body solids, TBS calculated from the present body weight and 
the determined total body water. It will be seen that the percentage fall in body 
solids was in every case higher than the percentage fall in body weight and that 
in one subject, I, this fall was as high as 62 per cent. If this type of calculation 
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is valid, this means that 68 per cent of the subject’s body substance has been 
lost. In this connection, it is significant that in the subjects B and C, in whom 
serial determinations were made during repletion, the values of TBS rose con- 
sistently as repletion progressed and that TBW/Wt., IW/TBS, and SCN-S/W 
dropped. 


It would also be of interest to gain an approximate knowledge of the state 
of total body fat both in depletion and during repletion. Since severely ill 
patients may not tolerate the procedure of total body fat determination by 
specific gravity method, one may make an approximation of this value by as- 
suming a constant relationship between lean body mass and total body water 
in the normal individual as done by Pace and co-workers.'® 

One may assume that subject B was ‘‘normal’’ on November 13. His lean 
body mass may then be computed since, according to this concept, 0.732 x 
lean body mass = total body water. This would give a lean body mass of 48 
kg. at this time, or a total fat of 11.3 kg., which would amount to 19.1 per cent 
of the total body weight. 


From the period September 5 to November 13, B retained about 1,100 Gm. 
of N or 6.9 kg. of protein. The total weight gain was 8.6 kg., and total body 
water decreased by 2 kilograms. Since the gain in total solids was therefore 
10.6 kg., 3.7 kg. of fat must have been formed during this period. From this 
gain of 3.7 kg. in fat, we can reason that on September 5 the total fat was 7.6 
kg., or 14.9 per cent of body weight at that time. 

Our nitrogen retention data on subject C are not complete enough to 
warrant estimation of changes in fat and protein content. 

Such calculations make one increasingly aware of the desirability of an 
independent method for measuring total body fat. During the process of re- 
pletion, the water content of the body expressed as a percentage of body weight 
is influenced by the loss of extracellular fluid, the retention of nitrogen, the 
presumptive retention of water which should occur with nitrogen retention to 
form muscle, and the gain in fat. These are factors which have been well 
evaluated in the careass analysis studies of Benditt and associates** in the rat, 
but which remain difficult problems in the human being. 


In our work we were not able to observe the retention of water correspond- 
ing to nitrogen retention. In order to preserve osmotie equilibrium, it is re- 
quired that 3 Gm. of water be retained for every gram of protein formed, but 
actually it appears that in the process of depletion, protein may be lost at a 
faster rate than water, and it may well be that the partially ionized potassium 
compounds which have been postulated as occurring in intracellular water 
defend the osmotie integrity of the cell by further dissociation when protein is 
lost. 


COMMENTS 


This preliminary work is being reported because to our knowledge it is the 
first attempt of its kind in the study of the body compartments and constitu- 
ents in protein depletion, It has already demonstrated that there is a profound 





686 HOLLANDER, CHANG, AND CO TUI 


disturbance in both the body constituents and compartments in protein de- 
pletion, disturbances which have been assumed heretofore but have not been 
susceptible of direct measurement. The disturbance in water metabolism does 
not seem to be in the SCN-S alone, but seems also to extend to the intracellular 
compartment as well. 


We wish to thank Dr. A. 8S. Keston of the Department of Biochemistry, New York 
University Medical School, for his interest in and helpful advice throughout the course of 
this work. 


Grateful acknowledgment is made of the allocation of deuterium oxide by the Atomic 
Energy Commission. 
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PARENTERAL NUTRITION 


VIII. Tuer Vasopepressor ACTIVITY OF SOYBEAN PHOSPHATIDE PREPARATIONS 


Rosert P. Geyer, Pu.D., Donatp M. Watkin, M.D., 
LERoy W. MatrHews, B.S., AND FrepricK J. Stare, M.D. 
Boston, Mass. 


N PREVIOUS reports from this laboratory the preparation and use of emul- 

sions of fat for intravenous nutritional purposes have been described.” * 
Various emulsions containing soybean phosphatides as the stabilizer have been 
given successfully to the rat, dog, and rabbit. It was clearly shown in these 
studies that fat given in this manner is well utilized for energy. More recently, 
studies using fat labeled with C'* have confirmed the utilization of fat in emul- 
sions given intravenously.” 4 

The only adverse psysiologie effects which were evident when fat emulsions 
were given to dogs intravenously were occasional nausea, vomiting, and exces- 
sive salivation when the initial infusions were given too rapidly and a moderate 
normocytic anemia’ if the fat infusions were continued for a period of two to 
three weeks or longer. The anemia rapidly disappeared, however, when the 
infusions were discontinued. Measurements of the blood pressure of dogs by 
an ordinary sphygmomanometer disclosed no significant alterations from normal. 
However, in a few preliminary observations in man following the intravenous 
injections of these fat emulsions, a fall in arterial blood pressure occasionally 
resulted. Before continuing with clinical studies, observations were under- 
taken in which the cat was used in order to obtain more information on this 
vasodepressor phenomenon. The experiments reported in this paper were de- 
signed to (1) determine the origin and character of the vasodepressor activity, 
(2) compare more rigorously the species variation with respect to the vaso- 
depressor action, and (3) investigate possible methods of removing the vaso- 
depressor substance. 

EXPERIMENTAL 

Methods.— 

1. Measurement of arterial blood pressure was done in the usual manner. The carotid 
artery of the anesthetized (Nembutal) animal was cannulated and by means of a citrate- 
filled system was connected to a mercury manometer provided with a moving stylus. Record- 
ings were made on a smoked paper drum attached to a kymograph. In many cases, con- 
current pneumograph recordings were also taken.* 

2. Injection of the test substance was done as follows: A glass cannula was inserted 


into the femoral vein and by means of a narrow-bore rubber tube was connected to a 
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burette which contained either 0.9 per cent sodium chloride or 5 per cent dextrose solution. 
The test material was injected from a suitable syringe through a short No. 24 needle which 
was inserted as far as possible through the rubber tube close to the cannula. Immediately 
after the injection and before withdrawal of the needle, 1 to 2 ml. of the solution from the 
burette were allowed to run in as rapidly as possible. The syringe was then quickly with- 
drawn. 

3. Emulsification of the test material usually was accomplished in one of the following 
ways: (a) stirring with a wire stirrer at 4,000 r.p.m. and 90° C. for four to seven minutes; 
(b) blending in the Waring Blendor at high speed and at 70 to 90° C. for one to five 
minutes; and (c) first blending as under (b) and then homogenizing in a high-pressure 
homogenizer* under nitrogen at 3,500 to 4,000 p.s.i. and 85 to 90° C. for five to fifteen 
minutes. Where modifications of these methods were used, the changes are indicated. 
Tonicity was achieved by the addition of saline or dextrose to give a final concentration of 
0.9 and 5 per cent, respectively. Adjustment of pH was accomplished with disodium phosphate. 

4. The fat-emulsifying properties of the various fractions of soybean phosphatides were 
determined in the followirig manner. One liter of an aqueous mixture containing 3 per cent 
of the phosphatide fraction, 15 per cent coconut oil, and 4.7 per cent dextrose was homogen- 
ized under high pressure by the technique previously described,® but using the homogenizer 
referred to in the preceding paragraph. Disodium acid phosphate was used when necessary 
to adjust the pH. When the resulting emulsion was of fine particle size, as judged by 
microscopic examination, a sample was autoclaved and again examined for particle size. 


Origin and Character of the Vasodepressor Action and Variation Between 
Species—Preliminary blood pressure measurements on the eat indicated that 
for this species a marked decrease in pressure occurred when even small 
quantities of an emulsion (Emulsion 35)! containing 3 per cent of a purified 
soybean phospholipid fraction were injected rapidly. This emulsion contained 
coconut oil 15 per cent, fraction B(F-2) 3 per cent, dextrose 4.7 per cent, and 
water 80 per cent (weight/volume). It was readily apparent that a greatly 
decreased response resulted when a given dose was administered for the second 
time even though as much as thirty minutes elapsed between the two injections. 
To determine whether or not the soybean phosphatide stabilizer, fraction B- 
(F-2),1 was responsible for the vasodepressor activity of the fat emulsion, a 
3 per cent emulsion of this material was prepared by high-pressure homogeni- 
zation, made isotonic to rat serum with dextrose, and autoclaved for fifteen 
minutes at 15 p.s.i. in a pressure bottle filled with nitrogen. Small quantities 
of this preparation were injected into a cat, and the depressor response was 
found to be similar to that obtained when Emulsion 35 was administered. 

Blood pressure studies were undertaken using the dog, rabbit, and rat as 
test animals in addition to the eat. All blood pressure recordings were taken 
in a manner similar to that used for the cat with the exception of the rat. For 
this species it was necessary to use a capillary manometer and record the pres- 
sure changes visually. Neither the fat emulsion (Kmulsion 35) nor the 3 per 
cent emulsion of the phosphatide fraction B(F-2) was effective in lowering the 
blood pressure of the rat, rabbit, or dog more than 15 mm, even when large 
quantities were injected as rapidly as possible. Table I shows a typical response 
obtained with the eat, dog, rabbit, and rat to the injection of a blended 6 per 
cent preparation of the phosphatide fraction B(F-2). It is readily apparent 


*Manton Gaulin Homogenizer Model No. 75-CGD, Manton Gaulin Manufacturing Com- 
pany, Inc., 44 Garden Street, Everett 49, Mass. 
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that the cat is far more susceptible to the depressor activity and hence in all 
subsequent testing for vasodepressor activity the cat was used. 


TABLE I. RESPONSE OF VARIOUS SPECIES TO THE VASODEPRESSOR PRESENT IN PHOSPHATIDE 
FRACTIONS MADE FROM COMMERCIAL SOYBEAN PHOSPHATIDES 











WEIGHT 
OF FRACTION BLOOD PRESSURE 
BODY VOLUME | INJECTED RESPONSE 
WEIGHT INJECTED| (MG./KG, | DECREASE | INCREASE 
SPECIES (GM.) MATERIAL INJECTED (ML. ) B.W. ) (MM.) (MM.) 
Rat 225 |Blended 6% fraction B(F-2) 1.0 277 oo 
Blended 6% fraction 70-f 2.0 554 ae 
Rabbit 3,100 |Blended 6% fraction B(F-2) 2.0 39 4 
Blended 6% fraction 70-f 12 23 — 
Dog 7,000 |Blended 6% fraction B(F-2) 10.0 86 li — 
Cat 1,500 |Blended 6% fraction B(F-2) 0.1 4 56 24 
Blended 1.2% fraction 70-f 0.1 0.8 — 









































Since it was evident that the phosphatide preparation B(F-2) contributed 
the vasodepressor activity, a number of the precursors of this fraction were 
investigated to determine whether the depressor was present originally in the 
soybeans or was introduced at some point during the process of manufacture. 
The following materials were tested in the cat for vasodepressor activity : 


1, Freshly prepared soybean phosphatides obtained by extracting 2.5 kg. quantities of 
ground dried soybeans for four successive three-hour periods with 3-liter portions of boiling 
redistilled petroleum ether. The combined extracts were concentrated in vacuo to a volume 
of approximately 200 ml. and 1.2 liters of anhydrous acetone were added and the mixture 
was allowed to stand overnight. After decantation of the clear supernatant liquid, the 
residue was dissolved in 40 to 50 ml. of ether, filtered, and poured into 500 ml. of acetone. 
The precipitate was filtered off after standing for three hours and was then dried in vacuo 
at room temperature. A 1.5 per cent emulsion of this material was prepared by the 
stirring technique, with dextrose present for tonicity, and examined for depressor activity. 

2. An autoclaved portion of the 1.5 per cent emulsion of the freshly prepared soybean 
phosphatides. 

3. Freshly prepared soybean phosphatides which had been allowed to stand in air for 
four days at room temperature and which were then emulsified at a 3 per cent concentration 
using the stirrer technique. Dextrose was added for tonicity. 

4. Fat emulsion stabilized with freshly prepared soybean phosphatides and prepared 
by using the homogenization procedure described previously.6 The emulsion contained 15 per 
cent refined corn oil, 2 per cent freshly prepared soybean phosphatides, 5 per cent dextrose, 
and water. 

5. Commercial Liquid Lecithin* emulsified at a 6 per cent concentration by the blendor 
technique with dextrose present. This emulsion was not entirely stable and, therefore, only 
the portion which remained in true dispersion was used in the vasodepressor tests. 

6. Asolectint (commercial soybean phosphatides) emulsified by the blendor procedure 
at a 6 per cent concentration using dextrose for tonicity. 

7. Emulsion 35.1 

8. Soybean phosphatide fraction B(F-2)1 prepared in a 3 per cent emulsion by the 
high-pressure homogenizer method using dextrose for tonicity. 

9. Soybean phosphatide fraction B(F-2) prepared in a 6 per cent emulsion by the high- 


pressure homogenizer method using dextrose for tonicity. 


*Liquid Lecithin, Robinson-Wagner Company, New York, N. Y. 
tAsolectin was generously supplied by Dr. Albert Scharf of Associated Concentrates, Inc., 
Woodside, Long Island, N. Y. 
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TABLE II. EFrFrectT OF VARIOUS SOYBEAN PHOSPHATIDE PREPARATIONS ON THE BLOOD 
PRESSURE OF THE CAT 













































PER CENT OF BLOOD PRESSURE 
PHOSPHATIDE | VOLUME CAT RESPONSE* 
FRACTION | INJECTED WT. | DECREASE| INCREASE 
NO. MATERIAL (WT./VOL. ) (ML.) | NO. |(KG.)| (MM.) (MM.) 
1 |Freshly prepared soybean phos- 1.5 0.8 1 |0.97 — 10 
phatides 
2 |No. 1 autoclaved for 15 min. at 1.5 0.8 1 |0.97 — 18 
15 p.s.i. 
3 |No. 1 allowed to stand in air at 3.0 0.4 L [Oo7 24 = 
: room temperature for 4 days 
‘ 4 |No. 1+ 15% corn oil as an emul- 2.0 0.5 2 |2.30 6 = 
‘ sion 
; 5 |Liquid lecithin 6.0 0.5 3 | 0.67 10 — 
. 6 | Asolectin 6.0 0.1 4 |1.60 28 — 
i 7 |Fraction B(F-2) + 15% coconut 3.0 0.4 5 | 2.00 50 -- 
: oil as an emulsion—Emulsion : 
i 35 
i 8 |Fraction B(F-2) 3. 0.4 5 | 2.00 46 oa 
9 |Fraction B(F-2): 6.0 1.0 8 | 1.60 
First injection CU — 
Second injection (16 min. 18 —- 
after first injection) t 
Third injection (18 min. 10 — 
after first injection) t 
































*Refers only to the initial response. 
yIn each case the blood pressure had returned to normal prior to the injection. 








These preparations were injected into cats as described earlier,.and blood 
pressure recordings were taken. In addition, Preparation 9 was injected 
several successive times into a cat to test for tachyphylaxis. The results, to- 
gether with pertinent data, are given in Table II. It is seen that the depressor 
activity is primarily in the phosphatide preparations but is not present in 
freshly prepared material, even after autoclaving. Repeated injections of the 
phosphatide material result in greatly decreased vasodepressor responses. Fig. 
1 shows a typical response obtained with the cat to the repeated injection of 
a blended 6 per cent preparation of the phosphatide fraction B(F-2). 
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; While the experiments already described were in progress, other experi- 
ments were concurrently undertaken for the purpose of fractionating the com- 
mercial soybean phosphatide preparation known as Asolectin and the phos- 
phatide fraction prepared from it known as fraction B(F-2) from two stand- 
: points; namely, (1) to prepare, if possible, a depressor-free phosphatide fraction 
which would still be a suitable emulsifying agent, and (2) to concentrate the 
vasodepressor substance(s) and determine some of its characteristics. 
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The initial studies were made on phosphatide fractions already on hand. 
These fractions had been prepared some months earlier in connection with frae- 
tionations of Asolectin designed to remove the material which had caused the 
granulomatous lesions reported in earlier work’ and had been stored at —8° C. 
during the ensuing months. The preparation of fractions A(F-1), B(F-1), 
and C(F-1) have been reported.t. Since the preparation of fractions D(I-1) 
and E(F-1) from B(F-1) was not given previously, it will be described here. 
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VASODEPRESSOR EFFECT OF SOYBEAN PHOSPHATIDE GIVEN IV. 
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Fig. 1.—Response of blood pressure to repeated intravenous injections of 1.0 ml. of a 6 per 
cent emulsion of soybean phosphatide fraction B(F-2), cat No. 8 (1.6 kg.). Time between in- 
jections 1 and 2 was sixteen minutes. Time between 2 and 3 was eighteen minutes. 

Preparation of D(F-1) and E(F-1): 20.5 Gm. of fraction B(F-1) were completely 
dissolved in 240 ml. of dry chloroform and the solution was filtered. Three hundred sixty 
milliliters of 95 per cent ethanol were added slowly with shaking, and the light tan precipitate 
which formed was filtered off, dissolved in 100 ml. of chloroform, and reprecipitated by the 
addition of 150 ml. of 95 per cent alcohol. This material, fraction E(F-1), was dried in 
vacuo and weighed 13.7 grams. The combined filtrates were concentrated to dryness in 
vacuo and yielded 6 Gm. of fraction D(F-1). 


Each of the various fractions was blended, with dextrose present, and the 
vasodepressor activity was tested in the cat. Table III gives the results of these 
studies along with an evaluation of the emulsifying properties of the various 
fractions. The choline content of some of these fractions was determined by the 
method of Engel® and is included in the table since it serves as an index of the 
amount of lecithins present. Lipositol prepared according to the procedure of 
Woolley® was also ineluded in these studies, and it was found to be no more 
active than the lipositol-low, aleohol-insoluble fractions. 

The results obtained with all of the foregoing preparations indicated that 
the depressor substance was probably a degradation product of one of the 
phosphatides found in soybeans. Although the almost complete lack of solu- 
bility of the depressor substance in aleohol negated such compounds as free 
choline, ethanolamine, and many of their simple derivatives, some of these 
compounds were tested in the eat and the resulting effect upon blood pressure 
was compared with that of the unknown depressor. The character of the curve 
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CHART I. FRACTIONATION OF SOYBEAN PHOSPHATIDE FRACTION’ B(F-2) SCHEME 70 





100 Gm. Fraction B(F-2) 


Extracted for 2 five-minute periods with 95% ethyl 
aleohol (60-65° C.) in the Waring Blendor at high 
speed. Filtered and washed with alcohol. 














Residue 








Filtrate concentrated 
to dryness in vacuo. 
PREP, 70-a, 23-30 Gm. 


























Extracted in a similar manner with absolute 
methyl alcohol. Filtered. 





Residue Filtrate concentrated 
to dryness in vacuo. 
PREP. 70-b, 9-11 Gm. 
































Extracted in a similar manner with 95% ethyl alcohol 
which contained 1 ml. concentrated HCl per 100 ml. 
Filtered. Residue washed well with neutral alcohol. 











Residue dried in vacuo. Filtrate cooled overnight 
PREP, 70-c, 26-30 Gm. at 7° C. Filtered and 
washed with alcohol. 























Filtrate neutralized with alcoholic NaOH Residue dried in vacuo. 
until precipitation was complete. Filtered. PREP. 70-d, 15-15 Gm. 
Residue washed well with neutral alcohol. 


Filtrate concentrated in 
vacuo. PREP. 70-e, 8 Gm. 



































Precipitate dried in vacuo and extracted 
three times with diethyl ether. 























Filtrate taken to dryness in vacuo. 
PREP. 70-f, 1.0-1.5 Gm. 
(Highly active depressor material) 








Residue dried in vacuo 
PREP, 70-h, 3-5 Gm. 

















of the blood pressure response was not similar to that of the material in the 
soybean phosphatide fractions, and the extreme tachyphylaxis which resulted 


on repeated injection of phosphatides was also absent. 
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The following preparations also were made and tested for depressor 
activity : 


1. A dialysate of the fraction B(F-2) prepared by dialyzing a 6 per cent emulsion of 
this fraction against distilled water through a thin collodion membrane and concentrating 
the dialysate to the volume of the original emulsion. This material was inactive, whereas the 
residue was still completely active. 

2. Ten milliliters of Emulsion 35 placed in a 15 ml. test tube and to which 0.5 Gm. of 
sodium chloride was added. The tube was heated at 70° C. for five minutes and then cen- 
trifuged while hot. The aqueous layer was tested for activity and was completely inactive. 


2 3 + 
MM. 
180 
neve Ma Pama Nw A [gto \ 
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100) 


60 
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. Fig. 2.—Effect on blood pressure of route of administration of soybean phosphatide frac- 
tion 70-f, cat No. 9 (2.3 kg.). 


1, 0.1 ml. 2.5 per cent 70-f, intravenously. 

» 2.0 ml. 2.5 per cent 70-f, intraperitoneally. 
, 2.0 2.5 per cent 70-f, intraperitoneally. 

» 1.0 ml. 2.5 per cent 70-f, subcutaneously. 


~ Ce 2% 


Further fractionations of the preparation B(F-2) were carried out by 
means of solubilities in various solvents such as ethyl alcohol, acetone, chloro- 
form, and mixtures of these solvents, but none was effective in concentrating 
the depressor to a sufficient degree. Since the activity in the earlier fraction- 
ations followed those fractions high in inorganic constituents, separations were 
undertaken with acidic solvents. Acidic ethyl aleohol proved to be best for this 
purpose, and although many different fractionation schemes were carried out, 
only one of the most successful is described in Chart I. This fractionation of 
B(F-2) yields a material referred to as 70-f which is a highly active depressor 
substance. The results of the tests for vasodepressor activity using fraction 70-f 
are given in Tables I and III. The marked susceptibility of the cat to the vaso- 
depressor activity is well shown in the comparative data in Table I. . 

Effect of Route of Administration (Other Than Intravenous) on Depressor 
Activity of Fraction 70-f—To determine the effect of the route of adminis- 
tration on depressor activity, a 2.5 per cent emulsion of preparation 70-f was 
injected intraperitoneally into an anesthetized cat. Fig. 2 shows the results of 
a typical experiment, and it is apparent that instead of causing a decrease in 
blood pressure, a pressor response resulted. Oral administration of this prepa- 
ration as well as intramuscular and subeutaneous administration was without 
effect. Hence the depressor effect of the phosphatide fraction is only evident 
when the material is given intravascularly. 
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Effect of the Depressor Substance on Duodenal Muscle.—To determine 
whether or not the depressor material had an effect on smooth muscle con- 
tractions, a strip of rat duodenal muscle was connected to a lever in the usual 
manner and was immersed in oxygenated mammalian Ringer’s solution. At 
intervals 0.4 ml. of a 2.5 per cent emulsion of fraction 70-f was added; in each 
ease the Ringer’s solution was changed before the addition. Five per cent 
glucose solution was used as the control. The results of this experiment are 


EFFECT OF DEPRESSOR MATERIAL ON SMOOTH MUSCLE CONTRACTION 


2 3 
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5 SECOND INTERVALS 


Fig. 3.—Contraction of rat duodenal muscle to successive stimulation with 0.4 ml. of an 
emulsion of 2.5 per cent of soybean phosphatide fraction 70-f. ‘Volume of Ringer solution was 


200 milliliters. 4 was 5 per cent dextrose solution. Time lapses between 2 and 8, 3 and 4, and 
5 and 6 were 5, 6, and 5 minutes respectively. 

given in Fig. 3 and it is observed that the depressor material gives rise to a 
marked contraction of the muscle and that the contraction decreases with 


repeated addition of fraction 70-f. 


DISCUSSION 


The soybean phosphatide fraction B(F-2) described previously! for use 
as a Stabilizer in fat emulsions for intravenous nutritional purposes has been 
found to possess a marked vasodepressor activity when injected into the eat. 
This activity was present in the commercial soybean phosphatide preparation 
from which this fraction was obtained. Since freshly prepared soybean phos- 
phatides had little such activity, vasodepressor substance probably is formed 
sometime during or after the process of manufacture by oxidative or degradative 
changes. This view is supported by the fact that freshly prepared phosphatides 
beeame active depressants when allowed to stand at room temperature in contact 
with air. 

The great species difference with respect to this vasodepressor activity was 
of interest. In the eat, 4 mg. of fraction B(F-2) per kilogram of body weight 
caused a decrease in arterial blood pressure of 56 millimeters. Little or no 
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effect was obtained, however, when 277, 39, and 86 mg. quantities per kilogram 
of body weight were given to the rat, rabbit, and dog, respectively. This differ- 
ence is important in work concerning intravenous fat emulsions because the dog 
and rat are the animals usually used for testing such preparations. From 
clinical studies it appears that man is more sensitive to the vasodepressor than 
these three species, but less so than the eat. It is obvious that it is desirable to 
test fat emulsions intended for clinical use in several species including the eat. 

Several interesting characteristics of the pattern of the blood pressure 
response to the various phosphatide fractions have been observed. One of these 
was the step-like manner in which the blood pressure returned to normal. This 
ranged all the way from a slight pause or dip to a drop back to the original 
low. In the latter case, the return proceeded without any sign of another 
stepwise accent. Such a step phenomenon is not characteristic of the response 
to such compounds as acetycholine, histamine, ete. Another difference between 
the soybean depressant and the other depressant materials tested was the rela- 
tively great tachyphylaxis that occurred following the initial response when an 
original drop of more than 10 to 20 mm. had oceurred. This tachyphylaxis 
made the exact quantitative evaluation of the potency of various preparations 
difficult, but a fair comparison was still possible by allowing a suitable time 
lapse between injections and by using a standard injection of an emulsion of 
the fraction B(F-2) as an index of the tachyphylaxis. 

The vasodepressor substance was not one of the known phosphatides or 
their simple degradation products such as free ethanolamine. It was nondializ- 
able through collodion and insoluble in water, aleohol, and aqueous acid, but 
soluble in acidified alcohol. The use of the latter solvent, especially when hot, 
may have resulted in various extraneous cleavages, but no apparent increase in 
total original depressor poteney occurred through its use. Perhaps the acid 
functioned by removing inorganic ions from the depressor and thereby rendered 
it or its hydrochloride aleohol-insoluble. Partial neutralization of the acidic 
solution caused the precipitation of the depressor along with salts. Ether ex- 
traction removed it from the latter and yielded a light yellow nitrogenous 
material. 

The effect of the depressor material in causing a contraction of duodenal 
muscle suggests that the material could act directly on the blood vessel wall. 
It is of interest to note that a decreased stimulation of the muscle strip resulted 
on repeated application of the depressor. The sustained elevation in blood pres- 
sure which occurred when the phosphatide fraction 70-f was given intraperi- 
toneally may have resulted because of stimulation of intestinal contraction. 

Because of the vasodepressor effect of phosphatide fraction B(F-2), Emul- 
sion 35' is not considered suitable for clinical use, though it is adequate for 
experimental studies in the dog, rat, or rabbit. Although phosphatide fractions 
low in depressor activity could be prepared, these were either poor emulsifying 
agents or, if they were suitable as an emulsifying agent, they underwent 
changes on autoclaving that gave rise to toxic effects. Fraction C(F-1) (Table 
III) is a good example of a phosphatide fraction with no depressor activity, 
good emulsifying properties, but one which is unsatisfactory following autoclay- 
ing. In general it appears that the more a phosphatide preparation is purified, 
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the less stable it becomes to autoclaving. Fraction B(F-2) still remains the most 
suitable of the soybean phosphatide fractions for stabilizing fat emulsions for 
intravenous use. Only approximately half. of fraction B(F-2) possesses good 
emulsifying properties, but the remainder of the preparation appears to provide 
stability to the fraction during autoclaving. 

The question arises as to whether fraction B(F-2) ean be used in a con- 
centration of less than 3 per cent (as it is used in Emulsion 35) and stabilize 
an emulsion, yet not be present in such an amount that a depressor effect will 
be obtained. Emulsions containing 15 per cent fat, identical in composition to 
Emulsion 35 except that fraction B(F-2) has been reduced from 3 per cent to 
0.5 per cent, have been prepared, and they do not affeet the blood pressure of 
the cat. However, stability on standing and when added to plasma is not as 
ereat as desired. Further studies utilizing a costabilizer in addition to 0.5 per 
cent of fraction B(F-2) are reported in the following paper. , 


SUMMARY 
1. A soybean phosphatide preparation, B(F-2), prepared for use as a 
stabilizer for fat emulsions for intravenous nutrition has been found to possess 
vasodepressor activity in man and the eat, little such activity in the dog, and 
none in the rat or rabbit. 
2. The depressor material is not present in phosphatide fractions freshly 


prepared but develops, on standing, on contact with air. It does not appear to 
be acetylcholine, choline, ethanolamine, or any simple derivatives of these com- 
pounds. The depressor material has been concentrated considerably. 

3. Fractions of phosphatide low in depressor activity have been prepared, 
but are either undesirable emulsifying agents or are adversely affected by 


autoclaving. 
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York, N. Y.; Corn Industries Research Foundation, New York, N. Y.; and Anheuser-Busch 
Co., St. Louis, Mo. 
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IX. Far EmMutsions ror INTRAVENOUS NUTRITION IN MAN 


GEoRGE V. MANN, M.D., Rospert P. Geyer, PH.D., 
DonaLp M. WATKIN, M.D., AND FREDRICK J. STARE, M.D. 
Boston, Mass. 


N THE preceding paper’ it was shown that the soybean phosphatide fraction 

known as B(F-2), which was used to stabilize emulsions caused a vasode- 
pressor response in certain species, particularly man and the cat, when used at 
a concentration of 3 per cent of the total emulsion. Although various depressor- 
free fractions could be prepared from soybean phosphatides, they were either 
poor emulsifying agents or were adversely affected by autoclaving. Phosphatide 
fraction B(F-2)? remains the most useful stabilizing agent used in this 
laboratory for fat emulsions intended for intravenous nutrition, but if it is so 
used it must be present in concentrations less than 1 per cent if the emulsions 
are ultimately intended for clinical use in man. The purpose of this paper is 
to report observations on fat emulsions stabilized with 0.5 to 1 per cent of 
B(F-2), with and without the use of a costabilizer, and preliminary studies on 
the use in man of one of these fat emulsions given intravenously. 


EXPERIMENTAL 


All emulsions were prepared under nitrogen by the high-pressure homogenization tech- 
nique previously described,2 using a pressure of 3,500 to 4,000 p.s.i. and a temperature 
of 85 to 92° C. for five to ten minutes. Sterilization was accomplished by autoclaving 
the preparations in tightly capped, ‘nitrogen-filled bottles for fifteen minutes at 15 p-S.i. 
The size of the fat particles was ascertained by microscopic examination, and no emulsion 
was considered satisfactory from the viewpoint of particle size unless almost all of the 
particles were below 1 wu in size and no particles were observed larger than 4 microns. 

The stabilizers used were soybean phosphatide fraction B(F-2) and Demal-14* either 
singly or in combination. Coconut or corn oil in a final concentration of 15 per cent was 
used throughout. The composition and evaluation of these emulsions are given in Table I, 
and it is seen that Emulsions 40 and 41 possessed the most desirable properties, i.e., very 
small particle size and no depressor effect in the cat or any other adverse physiologic effect 
following injection. Emulsions 40 and 41 contained 0.5 per cent phosphatide fraction B(F-2) 
as stabilizer and 1 per cent Demal-14 as costabilizer. Emulsion 40 was made with corn oil 
and Emulsion 41 with coconut oil. Since these two emulsions appeared to be most promising, 
only the experiments concerned with them will be reported. 


Animal Studies——Six albino male rats weighing approximately 150 grams 
were injected daily with Emulsion 40 at a level of 2.0 ml. per 100 grams body 
weight. Injeetions were made through a tail vein while the animal was under 
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light ether anesthesia. Twelve to fourteen daily injections were given, and one 
week after the last injection the animals were autopsied. No gross changes were 
in evidence, and histologic sections revealed no abnormalities. During the course 
of the injections, a decrease in hemoglobin from an average of 14.5 Gm. per 100 
ml. to 12.0 Gm. per 100 ml. occurred, but a return to the normal values resulted 
during the postinjection period. Weight gain during the injection period 
averaged 2.4 Gm. per day. 

A similar experiment was performed with weanling rats and the results 
obtained substantiated those of the previous study. 

Three adult female dogs weighing approximately 9 kilograms each were 
fed ad libitum a diet which consisted of 78 per cent Gaines Dog Meal, 2 per 
cent liver powder (Wilson 1-20), 10 per cent brewers’ yeast, and 10 per cent 
erude casein. All dogs were weighed and infused daily, and hemoglobin, 
hematocrit, cell counts, and liver function tests were done at weekly intervals. 

Infusions were begun with Emulsion 40 containing 15 per cent corn oil. 
This emulsion was well tolerated by the animals in amounts of 3 Gm. of fat 
per kilogram body weight per day even at infusion rates up to 10 ml. per 
minute, and no vomiting resulted even during the initial infusions. After an 
average of ten days, however, a distinct anemia was observed. In two of the 
dogs, Emulsion 40 was replaced with Emulsion 41, identical in composition ex- 
cept that 15 per cent coconut oil was the source of fat. Emulsion 41 was also 
well tolerated, and quite unexpectedly the anemia of these two dogs (Dogs 1 


and 2) disappeared almost completely although infusions were continued for 
many days. The data for each dog are given in Table II and may be sum- 
marized as follows: 


Dog 1 received daily infusions of fat for a period of eleven weeks. During the first 
five weeks the preparation was a corn oil emulsion (Emulsion 40) given in a dosage of 3 
Gm. of fat per kilogram per day and at rates varying from 5 to 10 ml. per minute. The 
hemoglobin decreased from 15.4 Gm. to 12.3 Gm. per 100 ml. and the hematocrit from 43.6 
per cent to 30.5 per cent. At this time, the animal’s hemoglobin level was purposely re- 
duced to slightly below 9 Gm./100 ml. by bleeding. A marked reticulocytosis followed 
which demonstrated that the anemia produced by hemorrhage stimulated a_ reticulocyte 
response even though the animal had received daily infusions of fat for more than a month. 
At this time the coconut oil emulsion (Emulsion 41) was substituted and used during the 
last six weeks of the infusion period. It was given in increasing doses of 3, 4, 5, and 6 
Gm. per kilogram per day as indicated in Table II. There was a definite and rapid rise 
in hemoglobin, hematocrit, and erythrocyte values during the last five weeks of infusion with 
the coconut oil emulsion despite the fact that the coconut oil was finally given at twice the 
level that the corn oil emulsion had been infused. Food consumption decreased as the quantity 
of fat infused was increased. The animal was sacrificed two weeks after the last fat 
infusion; autopsy disclosed no gross abnormalities and microscopic examination of tissue 
sections showed no abnormalities. 

Dog 2 received twelve daily infusions of the corn oil emulsion (Emulsion 40) in the 
amount of 6 Gm. of fat per kilogram of body weight per day and at a rate of 4 to 8 ml. 
per minute. By this time a definite drop in hemoglobin and hematocrit had appeared. The 
fat infusions were stopped for four weeks, by which time the blood picture had improved. 
Daily infusions with the coconut oil emulsion (Emulsion 41) were then started at the same 
rate and amount as had been used previously for the corn oil emulsion. While the hemo- 
globin and hematocrit again decreased during the next two weeks of infusion, they began 
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to return to normal during the third and last week of infusion. Dog 2 was sacrificed two 
weeks after the last infusion and post-mortem examination revealed no significant gross or 
microscopic changes from the normal. 

Dog 38 received twelve daily infusions of the corn oil emulsion (Emulsion 40) at a 
level of 3 Gm. of fat per kilogram of body weight per day and at rates varying from 5 
to 10 ml. per minute. These infusions were given, as it happened, during the last days 
of pregnancy. On the twelfth day, shortly after the infusion had been given, six healthy 
puppies were born. Fat infusions were continued for another twelve days but at an 
increased level of 4.5 Gm. per kilogram body weight, and despite the extra load imposed 
by nursing, the hemoglobin and hematocrit values returned rapidly toward normal. The 
data are given in Table II. Four weeks later this dog was in excellent health. No autopsy 
was performed. 


A supplementary study was done with rats to determine whether a differ- 
ence between coconut and corn oil could be shown in this species with respect 
to the development of anemia. Two groups of ten rats each were injected 
daily for twenty-one days. One group received the corn oil Emulsion 40 and 
the other the coconut oil Emulsion 41. Hemoglobin determinations were done 
at three- to four-day intervals. Both groups developed a moderate anemia and 
no significant difference between the two emulsions was obtained. 

Clinical Trials With Emulsion 41.—As a result of the preceding animal 
studies, it was coneluded that either Emulsion 40 or 41 in which the stabilizing 
agents were 0.5 per cent B(F-2) and 1 per cent Demal-14 were adequate for 
a careful clinical trial. They could be sterilized by autoclaving, were of small 
particle size, stable in contact with blood, did not affect blood pressure, and, 
except for a moderate and transient anemia, produced no physiologie or patho- 
logic abnormalities after repeated daily infusions for periods of several weeks. 
The initial clinical trials were made with the intention of determining the 
immediate reactions of the patients and their tolerance to the rate of adminis- 
tration. Balance studies to test utilization and the contribution of infused fat 
to energy requirements were not attempted in these preliminary, short-term 
studies. The first three patients selected represented clinical problems of a 
hopeless nature, but which might at the same time derive some benefit from 
the supplementary calories provided. 


Patient 1: This patient was a 75-year-old woman who entered the hospital in coma. 
A history was obtained of cardiovascular disease of several years’ duration with symptoms 
of decompensation and signs of auricular fibrillation of three months’ duration. Exami- 
nation revealed a right hemiplegia. The patient remained semicomatose and unable to 
swallow. Tube feedings used initially were discontinued because of vomiting and the danger 
of aspiration. Although the patient could be kept hydrated with clysis, caloric insufficiency 
produced a weight loss of 33 pounds in the first six weeks of hospitalization and the patient 
became emaciated. On the forty-second hospital day, the patient was given 300 ml. of 
Emulsion 41 (460 calories) in a period of 110 minutes. The infusion was made through 
a No. 20 needle. The equipment was arranged so that either the fat emulsion or a solution 
of 5 per cent glucose in water could be infused by gravity through separate Murphy drip 
bulbs by adjustment of the valve of a three-way stopcock attached to the needle. Control 
determinations of temperature, pulse, respiration, and blood pressure were obtained at three 
ten-minute intervals while glucose was being infused, then the stopcock was turned so as 
to substitute the emulsion. When infusing conscious patients, this arrangement allowed 
arbitrary choice of solutions without the patient’s knowledge in order to better evaluate 
subjective symptoms. 
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Fig. 1 illustrates the response of Patient 1 to this infusion and it is seen that no 
‘abnormal reaction was observed. There was no further change in the ¢linical status of 
this patient. She was transferred to a nursing home two days later. 

Patient 2: This patient was a 78-year-old woman admitted in a semicomatose state 
with a history of@two years of mild ‘‘strokes’’ and a gradual loss of consciousness twenty- 
four hours prior to admission. Physical examination showed an obese, plethoric woman, 
with enlarged heart and liver, pitting, ankle edema, and a right hemiplegia. The clinical 
diagnosis was multiple cerebrovascular thrombosis and generalized arteriosclerosis. The 
patient lost weight rapidly on a regimen of parenteral glucose, protein hydrolysate, and 
saline. 

On the ninth hospital day the patient was recovering from a mild infection and had 
a temperature of 100° F. On this day 300 ml. of Emulsion 41 were given without reaction. 
This amount was given on each of the succeeding seven days, amounting to 2,400 ml. in all. 
Fig. 2 illustrates the response of Patient 2 to these infusions, and it is seen that there 
was no abnormal reaction. During this period there was some improvement clinically of 
the patient’s sensorium. 

Since previous animal studies had indicated that continuous infusions of emulsions 
led to a mild anemia, this patient was followed with hematologic studies. During the 
eight days of infusion the patient’s hemoglobin fell from 15.3 Gm. to 12.0 Gm. per cent. 
The hematocrit fell from 51 per cent to 42 per cent. ‘This reduction of hemoglobin and 
hematocrit was undoubtedly due in part to the fat infusions. 

Eleven days after the last infusion this patient expired and an autopsy was performed. 
At this time the patient was described as poorly nourished. The spleen, liver, and lungs 
were described as grossly normal. Histologically, the lungs revealed occasional small areas 
of atelectasis with a few infiltrating lymphocytes. The liver cells showed a fine cytoplasmic 
vacuolization similar to the changes of starvation and protein depletion. No granulomatosis 
or giant cell-containing lesions were seen reminiscent of the lesions previously described in 
animals after infusions of some of our earlier emulsions.3; 4 

A fat tolerance curve done after the seventh infusion in this patient by the turbidi- 
metric method previously described5 indicated the same prompt fall in concentration of the 
visible fat particles in the plasma as previously reported for rats and dogs. 

Patient 3: This patient was a 24-year-old man in the terminal stage of glomerular 
nephritis. There was a five-year history of proteinuria. Nine months previously edema 
had appeared, and for the prior two months the blood urea nitrogen and blood pressure 
had been very high, with several convulsions before entry. The patient was treated 
periodically in the hospital with an artificial kidney and maintained on a low protein intake. 
It was felt that a source of nonprotein calories in high concentration might lessen the renal 
burden. On the sixth hospital day, this patient was given 600 ml. of fat Emulsion 41 (920 
calories) in 120 minutes without reaction. The emulsion used was a new batch which had 
been assayed for sterility, pyrogenicity, and infusion reactions in rats, dogs, and cats and 
found to be satisfactory in all respects. The patient was alert and cooperative on this day, 
having been treated the previous day with the artificial kidney, He experienced no subjective 
reactions and could not distinguish whether he was being infused with 5 per cent glucose 
or the fat emulsion. On the following day another 600 ml. of Emulsion 41 were given at a 
maximum rate of 5 ml. per minute without reaction. General clinical improvement was 
readily apparent, though how much of this was due to the treatment with the artificial 
kidney two days previously and how much due to the fat emulsion could not be ascertained. 
On the next day the patient was given a third infusion of 600 ml. of Emulsion 41 and at 
the end of the infusion complained of chilliness. Two hours later the oral temperature had 
risen to 102° F. Since the patient had been on the artificial kidney that day and since 
four previous bottles of the same batch of emulsion had not produced pyrogenic reactions 
in this patient, the fat emulsion was not considered the cause of the temperature rise, The 
response of this patient during the three days of fat infusion is given in Fig. 3. 

This patient’s clinical condition rapidly grew worse in the ensuing days and on the 
thirteenth hospital day he expired after a uremic convulsion. An autopsy was performed. 
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Fig. 3. 


The visceral organs were essentially normal grossly and there was no histologic evidence 
of lesions attributable to the infused fat emulsion. 

Patient 4: This patient was an alert and intelligent 37-year-old civil engineer who 
entered the hospital with a complaint of swelling of the ankles. There was a five-year 
history of renal disease with a left monoplegia of one year’s duration. The blood pressure 

230. : , ae alla ‘ 
Was 550 with an enlarged heart and liver and extensive retinitis. This patient was placed 
on a low protein diet and treated with parenteral low-salt albumin. With his complete and 
effective cooperation, a trial of intravenous fat emulsion was made. 

On the twelfth hospital day, 600 ml. of Emulsion 41 were given at a rate of 5 ml. 
per minute without reaction. The patient stated that he experienced no unusual symptoms 
at the site of injection or elsewhere. There was no unusual taste sensation experienced 
although he stated that for two or three hours after the infusion he experienced a sensation 
of languor and epigastric fullness much like the satiation following a large meal. There 
was no nausea. 

The following day another 600 ml. of fat emulsion were given at a rate of 5 ml. 
per minute. At the end of the infusion the patient had a sudden, mild, shaking chill and 
in the next three hours the temperature rose to 100.8° F. The blood pressure was not 
changed. Emulsion from the infusion set was cultured and found to be sterile. The follow- 
ing day a third infusion of 600 ml. of emulsion was given again. The last 300 ml. were 
given at a rate of 12 ml. per minute. There was no reaction subjectively or of the 
temperature or blood pressure. Hematologic studies on this patient revealed a fall of the 
hematocrit from 35 to 33 per cent and of the hemoglobin from 12.2 Gm. to 11.5 Gm. over 
the period of fat infusion. This patient was discharged with his clinical condition essen- 
tially unchanged. 

Patient 5: This patient was a 40-year-old housewife with a complaint of shortness 
of breath and swelling of the ankles. There was a five-year history of chronic pyelonephritis 
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Fig. 4. 


with mild hypertension and retinitis. On a low protein, low salt diet, she had done well 


although there was evidence of increasing azotemia. 

The patient was given 300 ml. of fat emulsion by the usual method with an infusion 
rate of 5 ml. per minute. At the close of the infusion she experienced a shaking chill. The 
temperature rose to 102° F. one hour later and gradually subsided (Fig. 4). The remainder 
of the solution from the infusion bottle was cultured and found to be sterile. No further 
infusions were given this patient. The following day the patient developed a generalized 
papular eruption with pruritus. She complained of tender areas in the neck, and slightly 
enlarged, tender glands were palpable. The patient had been receiving a barbiturate p.r.n. 
during her hospitalization. Barbiturate medications were stopped. After several days the 
glands subsided and the rash disappeared with a dry, flaking desquamation. It was not 
established whether this cutaneous and glandular reaction was related to either the fat 
emulsion infusion or to barbiturate medication. The patient was discharged with her 
clinical condition unchanged. 

Patient 6: This patient was a 42-year-old housewife who entered the hospital with 
complaints of diarrhea and loss of weight. The diarrhea had grown progressively more 
severe during the past thirteen years. Except for occasional remissions—the last following 
therapy with folic acid—the disease had been refractory to all methods of therapy. At 
this time the patient was 50 per cent below her ideal weight. Her principal symptoms were 
weakness and tetanic cramps consequent to low serum levels of calcium. Nitrogen and fat 
balance studies indicated a great deficit in absorptive capacity although a definite reduction 
of pancreatic enzymes could not be confirmed. In the absence of a successful therapy for 
the fundamental disease, this patient represented an example of an urgent need for adequate 
parenteral nutrition, particularly calories. However, because of difficult veins, a consider- 
able psychosomatic problem, and the fact that ‘‘pyrogen difficulties’’ were shortly to plague 
the fat emulsions, it was not possible to give sufficient parenteral emulsion to make a real 
contribution to the patient’s nutritional status. The subjective response to infusions of 
this patient was also difficult to interpret. The first infusion of Emulsion 41 to this patient 
was small, only 50 ml., but was given without any unfavorable reaction, After an interval 
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of one day a second infusion of the same emulsion in an amount of 150 ml. was given with. 
out reaction (see Table III, Patient 6 on 6/12 and 6/14). The following day a third 
infusion of the same emulsion in the amount of 150 ml. was given and a mild pyrogenic 
reaction was obtained. On the next day the same batch of Emulsion 41 again was given 
to this patient in an amount of 300 ml. and a pyrogenic reaction occurred with the tempera- 
ture going to 102° F. two hours after the infusion was finished. 


TABLE III. CLINIcAL STuDIES WitH FAT EMULSION 41 








AGE OF EMULSION 

DATES, 1948 (DAYS) STUDIES REACTION 
4/30 0 Emulsion 41, Batch SD-413—Prepared 

Sterility and pyrogen tests negative 

5/10 to 5/23 Depressor test with cats negative 

Infusion into rats and dogs negative 

5/24 Infusion Patient 1 (300 ml.) 

5/26 Infusion Patient 2 (300 ml.) 

5/27 Infusion Patient 2 (300 ml.) 

5/28 Infusion Patient 2 (300 ml.) 

5/29 Infusion Patient 2 (300 ml.) 

5/30 Infusion Patient 2 (300 ml.) 

5/31 Infusion Patient 2 (300 ml.) 

5/20 Emulsion 41, Batch SD-420—Prepared 

{ Depress and pyrogen tests negative 
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5/21 to 5/28 Depressor test with cats negative 


Infusion into rats and dogs negative 


6/1 Infusion Patient 2 (300 ml.) 
6/2 Infusion Patient 2 (300 ml.) 


6/12 


Infusion Patient 3 (600 ml.) 
Infusion Patient 6 (50 ml.) 
Infusion Patient 3 (300 ml.) 
6/14 Infusion Patient 4 (300 ml.) 
Infusion Patient 6 (150 ml.) 
, Infusion Patient 3 (300 ml.) 
Infusion Patient 4 (600 ml.) Pyrogenic 
) Infusion Patient 6 (150 ml.) Pyrogenic 
Emulsion from infusion sets sterile 
f Infusion Patient 3 (300 ml.) Pyrogenic 
Infusion Patient 4 (600 ml.) 0 
Infusion Patient 6 (300 ml.) Pyrogenic 
{ Infusion Patient 5 (300 ml.) Pyrogenic 
l Emulsion from infusion sets sterile + rash 
{ Sterility tests negative 0 
1 Pyrogen tests positive Pyrogenic 


oooocooocoooooo 


6/15 


6/16 


6/18 





6/21 











Of all the patients, Patient 6 was the most sensitive to rate of infusion. 
Rates above 5 ml. per minute led to nausea and on one oceasion vomiting. At 
slower rates the subjective reaction was one of satiation and drowsiness. 

Because of two consecutive pyrogenic reactions in Patient 6, no further 
infusions of fat emulsion were given to her at this time. However, six weeks 
later additional infusions of Emulsion 41 were given again to Patient 6 but 
with no better results. In all, Patient 6 was given 1,500 ml. of fat emulsion. 
Two months after the last infusion, the patient expired and a post-mortem 
examination was carried out. At death the patient was extremely cachectic. 
Examination revealed a granulomatous, nonobstructing lesion of the bowel 
wall 45 em. below the pylorus. The etiology of this lesion is unexplained. 
Grossly and microscopically there was no evidence of the previous infusions 
of fat emulsion, 
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DISCUSSION 


When phosphatide fraction B(F-2) is used at a concentration of 0.5 to 
1.0 per cent as the sole stabilizer of a 15 per cent fat emulsion, a good emulsion 
is obtained which will withstand autoclaving. This concentration of B(F-2) 
also produces minimal vasodepressor activity in the cat. It is felt, however, 
that such a low concentration of stabilizer may not be completely safe to protect 
the emulsion from breaking when it comes in contact with the electrolytes of 
the plasma. Hence a ecostabilizer of polyglyecerol esters (Demal-14) has been 
used at a concentration of 1 per cent along with 0.5 per cent B(F-2) in a 15 
per cent fat emulsion (Emulsions 40 and 41). <A variety of studies with 
animals, using cats, rats, and dogs, indicated that except for a moderate 
temporary anemia Emulsions 40 and 41 appeared suitable for careful clinical 
trial. 

Results on the first four patients were promising in that the emulsion was 
well tolerated with no changes in temperature, pulse, blood pressure, or respi- 
rations. Indeed, Patient 2 received 300 ml. of Emulsion 41 (460 calories) per 
day for eight days in succession, and Patient 3 received an initial infusion 
of 600 ml. of Emulsion 41 (920 calories) with no reaction and with definite 
clinical improvement. 

The first batch of Emulsion 41 made up for clinical use was rather small, 
and when the preliminary trials with animals and sterility and pyrogen tests 
were completed, there remained seven 300 ml. bottles of emulsion. These were 
completely used up in the first two patients, with no reaction (Batch SD-413, 
Table III). The second batch of Emulsion 41 (Batch SD-420) was made up 
in larger quantity and was used for the last two infusions of Patient 2 with 
no reaction. Likewise, this second batch of Emulsion 41 was given ten days 
later to Patients 3 and 6, and twelve days later to Patients 3, 4, and 6, all 
without reaction. However, on the following day (Table III, infusions 
6/15) pyrogenic reactions were obtained in two out of the three patients - 
ceiving this batch of fat emulsion. Since these were the first pyrogenic 
actions observed, and since Patient 3 infused at the same time did not have 
a reaction, the significance of the pyrogenic reactions was questioned. Further- 
more, emulsion from the infusion sets of all three patients was cultured and 
found to be sterile. Again on the following day two out of three patients had 
pyrogenie reactions, and two days later Patient 5 had a pyrogenic reaction 
(Table III, infusions on 6/16 and 6/18). Hence it appeared that something 
had developed in this bateh of emulsion that caused a pyrogenic reaction. 
Three days following the last pyrogenic reaction in a patient, this bateh of 
emulsion was found to be sterile but strongly pyrogenic in rabbits. 

Thus it seems definite that the second batch of Emulsion 41 (SD-420) 
especially prepared for clinical use developed pyrogens of a nonbacterial nature 
twenty-six days after it was prepared; however, the first bateh of Emulsion 
41 (SD-413) remained pyrogen-free for thirty-two days by which time the 
supply was exhausted. (Table III.) Additional studics have substantiated 
these results, namely, that while emulsions of the type of Emulsion 41, using 
B(F-2) at 0.5 per cent and Demal-14 at 1 per cent as stabilizers, can be used 
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satisfactorily in patients, the emulsions do undergo some type of change which 
gives rise to pyrogens. The exact cause or nature of this change is not under- 
stood at present. It does not seem to be due to contamination. It is accelerated 
by repeatedly autoclaving the emulsion. 

In a discussion of the clinical use of fat emulsions it is desirable to caution 
against the possible instability of fat emulsions to electrolytes in vitro. Some 
of the emulsions prepared in this laboratory during the last few years have 
been found to be unstable when mixed with saline in vitro; however no in- 
stability was encountered with most of these emulsions when they were in con- 
tact with blood, either in vivo or in vitro. Hence, infusions of fat emulsions 
in man should not be given with an apparatus (flask, tubing, or needle) through 
which saline has previously been given, or vice versa unless the stability of 
the emulsion to saline has been established. That is why in the studies reported 
in this paper, 5 per cent glucose in water (not saline) was the fluid used just 
prior to giving the fat emulsions. 


_ SUMMARY 


1. Fat emulsions for intravenous administration containing 15 per cent 
fat have been adequately stabilized with a combination of a soybean phos- 
phatide preparation and a polyglycerol ester (Demal-14) at concentrations of 
0.5 and 1 per cent respectively. 

2. Such emulsions made with corn oil or coconut oil were well tolerated 
when given intravenously to rats, dogs, and cats. Except for a moderate 
normocytie anemia, which disappears shortly after the fat infusions are 
stopped, these fat emulsions gave rise to no apparent physiologic or pathologie 
difficulties, even after daily administration in generous amounts for periods of 
several weeks. 

3. Such an emulsion containing 15 per cent coconut oil has been given to 
man in amounts up to 600 ml. per day (940 calories) without unfavorable 
reactions. One patient received 300 ml. of the emulsion daily for eight sueces- 
sive days without any unfavorable reaction. Post-mortem examinations were 
later obtained on three of the six patients who received this emulsion and in 
no case was there any gross or microscopic evidence of pathologie changes related 
to the fat infusions. 

4. Fat emulsions of the type used in these studies have been found to 
undergo some type of change over a period approximating four weeks that 
results in the formation of pyrogens and hence are not considered completely 
satisfactory for clinical use. The exact nature of this slow development of 
pyrogens in not known at present, but it appears to be of nonbacterial origin. 
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LABORATORY METHODS 


THE DETERMINATION OF TRUE GLUCOSE IN BLOOD BY 
REDUCTION OF FERRICYANIDE 


THE PRODUCTION OF A LINEAR, REPRODUCIBLE CoLOR WITHOUT THE USE OF A 
STABILIZING AGENT IN MAcRO- AND MICROTECHNIQUES SUITABLE FOR 
VISUAL AND PHOTOELECTRIC COLORIMETRY 








Grorce R. Kinesuey, M.S.,* AaNp JOHN G. REINHOLD, PH.D. 
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SYSTEMATIC study of several blood glucose methods! employing colori- 

metric or photometric measurement of the reduction of alkaline ferricyanide 
indicated that further improvement and simplification of such methods was 
possible. A sensitive method yielding a color of sufficient stability and repro- 
ducibility for measurement in a photoelectric colorimeter without the need for 
frequent recourse to standard solutions and giving precise results over a wide 
range of true blood sugar values is described in this paper. The method has 
the additional advantage of being applicable directly to protein-free filtrates of 
low dilution (1:10, macromethod) as well as high dilution (1:100, micromethod). 












MACROMETHOD 





Reagents.— (Chemicals used are of analytical reagent quality unless otherwise noted.) 

Alkaline Potassium Ferricyanide: Weigh exactly 1.84 Gm. of anhydrous sodium carbonate 
and 0.8 Gm. of potassium ferricyanide and dissolve together in 1 liter of distilled water. 
Keep in dark bottle away from light. 






Ferric Iron: Dissolve exactly 2.0 Gm. of ferric ammonium sulfate (Fe(NH,) (SO,),. 
12H,O) in 945 ml. water and add 55 ml. of 85 per cent orthophosphoric acid. 

Acid Cadmium Sulfate6: 13.0 Gm. cadmium sulfate (8Cd80,.8H,O) or 10.59 Gm. 
of anhydrous cadmium sulfate and 63.5 ml. of exactly IN sulfurie acid are brought to a 
volume of 1 liter with distilled water. 








1.1N Sodium Hydroxide: 
Stock Glucose Standard: 1.000 Gm. made up to exactly 100 ml, with 0.25 per cent benzoic 





acid. 





Standardization.—0.5, 1.0, 1.5, 2.0, 2.5, 3.0, and 4.0 ml. of stock glucose standard are 
each diluted to 100 milliliters. 0.5 ml. of these standards is treated in the same manner as 0.5 
ml. of the blood filtrate as outlined under Procedure for the macromethod. Readings may be 
plotted against concentration of glucose of the standards or a conversion factor (K) calculated: 
milligrams glucose/100 ml. = K1(2-log%T).7 Readings, D(-logT), of blanks were found 
to vary from 0.01 to 0.03 with Coleman spectrophotometers, and with scale readings of Klett- 
Summerson instruments, from 0 to 8. If blanks much higher than these are obtained, the 
reagents are contaminated and should be discarded. 

Procedure.—To 8 ml. of acid cadmium sulfate solution add 1 ml. of whole blood, mix 
thoroughly, let stand one minute, then add 1 ml. of 1.1N sodium hydroxide and mix by 
Let stand fifteen minutes, then filter through Whatman No. 40 filter paper, or 












shaking. 
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preferably centrifuge at 3,000 r.p.m. for five to ten minutes. To a test tube graduated at 


“20 ml. add 0.5 ml. of the filtrate; then add 5 ml. of the alkaline potassium ferricyanide 


solution. Mix by twirling and place in boiling water bath for ten minutes. Cool three 
minutes in a water bath at 40° C. Add 5 ml. of ferric iron solution and mix by twirling. 
Allow to stand five minutes in the 40° bath. Dilute to the 20 ml. mark with distilled water. 
Mix and read in the photoelectric colorimeter within twenty minutes. A green filter trans- 
mitting light between 500 and 570 mu with maximum transmission at 540 my is used. 

A more dilute filtrate may be prepared by adding 1 ml. of whole blood to 18 ml. of an 
acid cadmium sulfate solution prepared as follows: 5.77 Gm. cadmium sulfate (3 150, ‘ 8H_,0) 
or 4.7 Gm, anhydrous cadmium sulfate (CdSO_) and 28.2 ml. of exactly 1N sulfuric acid 
are brought to a volume of 1 liter with distilled water. One minute after the addition and 
mixing of the blood, 1 ml. of 1.1N sodium hydroxide is added and the procedure continued 
as directed. 

1. K=335 for Coleman spectrophotometers, Models 6 & 14, using No. 6-304B cuvettes. 


MICROMETHOD 


Reagents.— 

0.1 per cent Stock Glucose Standard: Dissolve 100 mg. glucose and dilute to 100 ml. 
with 0.25 per cent benzoic acid. 

0.01 per cent Dilute Stock Glucose Standard: Dilute 10 ¢.c. of stock standard to 100 ml. 
with 0.25 per cent benzoic acid. 

Alkaline Potassium Ferricyanide: Same as macroreagent. 

Ferric Iron: Same as macroreagent. 

Dilute Acid Cadmium Sulfate for 0.05 ml. Pipette: Dilute 40 ml. of reagent used in 
macromethod to 100 milliliters. 

Dilute Acid Cadmium Sulfate for 0.02 ml. Pipette: Dilute 36 ml. of reagent used in 
macromethod to 100, milliliters. 

0.055N Sodium Hydroxide for 0.05 ml. Pipette: 

0.022N Sodium Hydroxide for 0.02 ml. Pipette: 

Standardization.—Measure 1, 2, 4, 6, 8, 10, 12, 15, and 20 ml. of dilute stock glucose 
standard with a burette and dilute to 100 ml. with 0.25 per cent benzoie acid. Add 0.5 or 1 ml. 
of these dilutions to colorimeter tubes and treat in the same manner as directed for 0.5 or 1 ml. 
of the blood filtrate in the microprocedures. One milliliter of 1 to 100 dilution of 0.01 per cent 
stock glucose standard is equivalent to 10 mg. of blood glucose if the micromethod for 0.02 ml. 
of blood is used, or 8 mg. if the micromethod for 0.05 ml. of blood is used. Readings may 
be plotted against concentration of glucose of the standards or a conversion factor (K) 


ealeulated: milligrams glucose/100 ml. = K1 (2-log%T). 
Procedure for 0.02 ml. Pipettes.—Add 0.02 ml. of whole blood to 1 ml. of dilute acid 
cadmium sulfate solution for 0.02 ml. pipettes in a small Kahn tube and mix by washing out 


pipette. Let stand for one minute. Add 1 ml, of 0.022N sodium hydroxide, stopper and mix. 

1, K=503 in the micromethod for 0.02 ml. of blood for Coleman spectrophotometers, 
Models 6 & 14, using No. 6-304B cuvettes. 

Let stand fifteen minutes, then centrifuge. Add 1 ml. of the clear supernatant filtrate 
to 1.5 ml. of alkaline potasium ferricyanide in a colorimeter tube graduated at 6 milliliters. 
Digest ten minutes in a boiling water bath. Cool two minutes in a 40° C, water bath. Add 
1.5 ml. of the ferric iron solution; mix and allow to stand five minutes at 40°. Dilute to 
the 6 ml. mark and read in the colorimeter within twenty minutes. Make reagent blank by 
treating 1 ml. of distilled water in the same manner as 1 ml. of filtrate and set at 100 per 
cent transmission with light at 540 mu wave length. 

Procedure for 0.05 ml. Pipettes —Add 0.05 ml. of whole blood to 1 ml. of the dilute 
acid cadmium sulfate solution for 0.05 ml. pipettes in a small centrifuge tube and mix 
by washing out pipette. Let stand for one minute. Add 1 ml. of 0.055N sodium hydroxide, 
mix and stopper. Let stand fifteen minutes then centrifuge. Add 0.5 ml. of the supernatant 
filtrate to 1.25 ml. of alkaline potassium ferricyanide in a 5 ml. graduated Klett colorimeter 
tube. Digest ten minutes in a boiling water bath. Cool two minutes in a 40° C. water bath. 
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Add 1.25 ml. of the ferric iron solution, mix and allow to stand five minutes at 40° C. 
Dilute to the 5 ml. mark and read in colorimeter within twenty minutes as directed in pre- 
ceding micromethod. 


EXPERIMENTAI, 


1. Determination of Optimum Concentration of Reagents and Physical Con- 
ditions for the Production of a Stable Reproducible Linear Color—Optimum 
concentrations of reagents were determined by studying the effects of variation 
in their composition and proportion on color development in several ferri- 
cyanide reduction sugar methods. Tungstie acid filtrates of blood were em- 
ployed. Whatman No. 40 filter paper free of reducing substances was used. 
Substitute reagents also were studied with the hope of discovering more de- 
sirable ones. It was found that a marked reduction in the concentration of 
sodium carbonate and phosphoric acid as compared with previous methods 
greatly increased the speed of the development and improved the stability of 
color. Lithium carbonate was found to exhibit the same characteristics as 
sodium carbonate when used in equivalent concentrations. Phosphorie acid in 
excess of the optimal concentration diminished the stability of color in the older 
ferricyanide methods. A potentiometric study by Wood’ of the oxidation of 
glucose by ferricyanide has shown that increase of acidity retards the reaction. 
The concentration of other reagents was also reduced from that recommended 
by Folin and Malmros.! Cyanide-carbonate reagent, recommended by Horvath 
and Knehr,? has been shown by Saifer* and others’? to increase progressively 
for forty-five minutes the ferrocyanide formation when heated. Small varia- 
tions in the amount of sodium eyanide added also cause variations in the develop- 
ment of color. High values for blanks are common when cyanide is used and 
the range of the method is reduced. For these reasons sodium cyanide was 
omitted from the alkaline ferricyanide reagent. In agreement with Klendshoj 
and Hubbard‘ and Horvath and Knehr,? ferric ammonium sulfate was found to 
develop a more stable color over a greater range of concentration than other 
ferric compounds tested. These included ferric sulfate, phosphate, tartrate, and 
citrate. A 0.2 per cent ferric ammonium sulfate (Fe(NH,)(SO,). . 12 H.O) 
solution was found to give a linear relationship between color and glucose concen- 
tration up to 400 mg. per 100 ml. of glucose at any time after color was de- 
veloped at room temperatures. The color gradually increased by about 5 per 
cent in twenty-five minutes; then remained stable for more than one hour. The 
disadvantage of increasing color intensity after dilution to volume was over- 
come by warming five minutes at 40° after addition of the ferric ammonium 
sulfate to the reaction mixture. When so treated the solution could be read 
in the colorimeter immediately after diluting to volume and mixing. Only ocea- 
sional samples showed an increase of 1 to 2 mg. per 100 ml. after standing twenty 
minutes. Ferrie ammonium sulfate concentrations exceeding the 0.2 per cent 
recommended cause slow fading of color, while less caused intensity of color to 
increase on standing. 

All previous methods depending upon the formation of Prussian blue have 
used a stabilizing agent. When higher concentrations of reagents were used, 
sodium lauryl sulfonate (Duponol) was found to stabilize the colloidal pigment 
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which otherwise precipitated when higher levels of glucose were examined. How- 
ever, different samples of Duponol ‘‘p.c’’ or ‘‘e”’ gave somewhat different 
blanks and caused a variation in time for full color development. When the 
concentration of reagents was reduced to that recommended in this paper it 
was found that the addition of Duponol to the ferric iron reagent did not in- 
erease the stability of the color developed, but prolonged the time required for 
its development and also increased the color of the blank. For these reasons the 
use of a stabilizing agent was abandoned. 

Tungstie acid filtrates examined by the modified method gave results about 
10 per cent higher than the Folin and Malmros'! (2 to 33 mg. per 100 ml.) and 
Benedict® (0 to 40 mg. per 100 ml.) methods. <A series of fifteen samples were 
used to compare the variability of the proposed ferricyanide method and the 
Folin and Malmros' method by three repeated determinations on preserved 
tungstie acid filtrates. Single determinations by the new method deviated from 
the mean by an average of 3.38 mg. per 100 ml. ranging from 0 to 7 mg. on 
samples with blood sugars of 55 to 150 mg. per 100 milliliters. On the same 
filtrates, the Folin and Malmros method showed an average deviation from the 
mean of 12.6 mg. per 100 ml. ranging from 4 to 21. The color developed by 
the Folin and Malmros' and the Benedict® methods was less stable and therefore 
less satisfactory for photoelectric determination than that developed by the 
methods herein deseribed. 

No special tubes are required for the new ferricyanide method, and as a 
minimal amount of sodium earbonate is used, gas bubble formation is avoided. 
No differences have been found after the reagents have been aged fer about two 
months in contrast to the Folin and Malmros' and Benedict® reagents which 
undergo changes in sensitivity on standing. 

2. Determination of Optimum Concentration of Reagents and Physical Con- 
ditions for the Preparation of Protein-Free Filtrates for the Determination of 
““True’’ Glucose.—Although consistent results were obtained with tungstic acid 
filtrates, it was felt that the method would be more useful if true sugar values 
could be obtained. Protein-free centrifugates and filtrates prepared by various 
methods were studied with the modified ferricyanide method. Protein-free fil- 
trates prepared from serum by copper-tungstate precipitation gave results com- 
parable to tungstate filtrates. The copper-tungstate reagent could not be used 
on whole blood because stability of color was not obtained. Zine or barium 
hydroxide could not be used for the same reason. However, acid cadmium 
sulfate and sodium hydroxide could be aCapted to the ferricyanide method by 
modification of the original procedure of Fujita and Iwatake.® 

A eomparison of tungstie acid and cadmium hydroxide filtrates was made, 
and the nonfermentable substances (Table I) of the filtrates were determined. 
0.5 ml. of a 50 per cent suspension of yeast cells, washed free of reducing sub- 
stanees, was added to 5 ml. of the cadmium filtrates in a centrifuge tube and 
ineubated at 38° for thirty minutes and then centrifuged. The unfermentable 
reducing substance was found by this method to average 3 mg. per 100 ml. in 
eadmium hydroxide-treated specimens as compared with 25 mg. per 100 ml. ex- 
pressed as glucose in tungstate-treated specimens. 
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TABLE I. COMPARISON OF TOTAL REDUCING SUBSTANCES IN CADMIUM HYDROXIDE AND TUNGSTIC 
AcID FILTRATES AND NONFERMENTABLE REDUCING SUBSTANCES IN CADMIUM HYDROXIDE 
FILTRATES AS DETERMINED BY THE NEW FERRICYANIDE METHOD 

















TUNGSTIC ACID FILTRATES CADMIUM HYDROXIDE FILTRATES 
NONFERMENTABLE 
TOTAL REDUCING SUBSTANCES] TOTAL REDUCING SUBSTANCES REDUCING SUBSTANCES 
NO. (MG. %) (MG. %) (MG. %) 
1 78 51 3 
2 82 50 2 
3 115 83 4 
4 122 93 3 
5 86 60 3 
6 90 52 3 





The effects of cadmium were evaluated by adding graduated amounts of 
glucose to a series of different cadmium hydroxide prepared protein-free filtrates. 
Recoveries indicated that the amount of cadmium sulfate recommended did not 
interfere even if added in 5 to 10 per cent excess, unless the protein content of 
the sample is very low (less than 4 per cent serum proteins or 2 million red 
blood cells), when excess cadmium may cause turbidity to occur during color 
development. In conditions of this kind turbidity may be avoided by reducing 
the protein precipitants twenty-five per cent. Standard solutions of glucose 
added to whole blood (with correction for glucose present in the blood) gave 
readings identical with those of glucose standards in water. Further tests of a 
possible interfering action of cadmium were made on filtrates obtained by com- 
bining acid cadmium sulfate and sodium hydroxide in the proportions used for 
protein precipitation, the addition of blood being omitted. If 0.5 ml. of 1 to 
6 or 1 to 8 dilutions of such filtrates was added to glucose standards, no effect on 
final color development was observed. Cadmium hydroxide filtrates of blood may 
be kept several days at 5° C. without measurable loss of sugar. 


TABLE II. RECOVERIES OF GLUCOSE ADDED To 1 ML. OF OXALATED WHOLE BLOOD* 
WITH Acip CADMIUM SULFATE REAGENTT 


























GLUCOSE IN 100 ML. GLUCOSE GLUCOSE 
OF BLOOD ADDED RECOVERED PER CENT 
NO. (MG.) (MG.) (MG.) RECOVERED 
MACROMETHOD 
1 43 0.495 0.50 101.0 
2 50 0.980 1.00 102.0 
3 38 0.980 0.97 99.0 
4 67 1.455 1.53 105.1 
5 49 1.920 1.91 99.5 
6 59 1.920 1.83 95.3 
if 54 2.380 2.42 101.6 
8 67 0.495 0.48 96.9 
9 37 2.380 2.40 100.8 
MICROMETHOD 
RECOVERIES OF GLUCOSE ADDED TO 0.05 ML. WHOLE BLOOD* 
1 oF 0.0180 0.0175 97.2 
2 67 0.0477 0.0495 103.8 
3 53 0.0477 0.0490 102.7 
4 51 0.0930 0.0880 94.6 
5 40 0.1364 0.1300 95.3 





*Blood specimens from hospital patients. No attempt was made to preserve the blood 
sugar prior to analysis. These specimens had stood several hours after blood was collected. 


¢Glucose was dissolved in the acid cadmium sulfate solution. 
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3. Determination of the Accuracy of the New Method, and the Normal 
““True’’ Glucose Values Obtained by It—Known amounts of glucose were added 
to specimens of oxalated whole blood and the recoveries determined (Table IT). 
The data from these recoveries indicated that the glucose found in alkaline 
cadmium sulfate filtrates does not vary by more than 3 mg. per cent from the 
true blood sugar value. Recoveries within 94.6 to 105.1 per cent were obtained. 
TABLE III. COMPARISON OF THE NEW FERRICYANIDE AND THE FOLIN-MALMROS BLOOD SUGAR 


METHODS USING CADMIUM HYDROXIDE FILTRATES FROM FRESH OXALATED WHOLE 
BLooD* AND PLASMA* FROM HOSPITAL PATIENTS 








PLASMA BLOOD | CELLSt 
FERRI- FOLIN- FERRI- FOLIN- FERRI- FOLIN- PACKED CELL 
CYANIDE | MALMROS | CYANIDE | MALMROS CYANIDE | MALMROS VOLUME 
(MG. %) (MG. %) (MG. %) (MG. %) (MG. %) (MG. %) (%) 
80 72 70 70 64 63 40.3 
96 87 71 82 57 79 44.5 
85 75 62 68 47 64 36.4 
61 68 61 65 61 63 39.6 
58 54 43 47 34 43 38.9 
127 116 103 98 89 87 39.0 
50 9 51 54 51 50 26.2 
69 63 72 61 73 59 34.7 
125 118 105 104 94 96 43.2 
77 75 16 68 59 64 40.4 
11 115 100 7 112 117 114 14.0 
12 63 64 5s 54 56 49 52.0 
13 75 73 : 68 47 65 49.5 
Average 83 79 73 65 69 38.3 








| 


* 
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*Fasting. 

7Calculated from cell volume. 

Fasting venous blood glucose was determined on the plasma and whole 
blood of thirteen hospital patients by the new ferricyanide method and the 
Folin and Malmros method using cadmium hydroxide filtrates (Table IIT). 
Glucose from the cells was caleulated by means of hematocrit determinations. 
The glucose values by the Folin and Malmros method averaged 4 mg. per cent 
lower in plasma and 4 mg. per cent higher in cells, differences that are probably 
not significant. It is believed, as previously stated, that the large individual 
differences result from the lower precision of the Folin and Malmros method 
which has not shown good agreement between repeated determinations. Values 
for nonfermentable reducing substanees obtained by the two methods on ead- 
mium filtrates were the same. It was shown by experiment that the Folin and 
Malmros method was unaffected by amounts of cadmium equivalent to that in 
the protein-free filtrates. 

The new ferricyanide method with cadmium hydroxide filtrates and the 
Folin-Wu method’ with acid tungstate filtrates were compared, using venous 
blood from twenty-three normal fasting male subjects (Table IV). Glucose 
ranged from 73 to 85 mg. per 100 ml. of venous blood as determined by the new 
ferricyanide method, which is slightly lower, but agrees favorably, with the 
range of 77 to 90 obtained by Somogyi’ on the venous blood of ninety-three 
fasting normal individuals. A range of 85 to 110 mg. of glucose per 100 ml. 
of venous blood was obtained by the Folin-Wu method. The latter method was 
used for comparative purposes as it is probably the most widely used of all 
sugar methods in clinical laboratories. 
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TABLE IV. COMPARISON OF THE NEW FERRICYANIDE (CADMIUM HYDROXIDE FILTRATES) AND 


THE Fouin-Wu (Acip TUNGSTATE FILTRATES) BLOOD SUGAR METHODS USING FILTRATES 
FROM FRESH OXALATED WHOLE BLOOD OF NORMAL FASTING (12 TO 14 HR.) 
MEN 19 TO 39 YEARS OLD 

















FERRICYANIDE FOLIN- WU 
SUBJECT (MG. %) (MG. %) 
BUR 83 100 
RAS 81 95 
HIG 75 98 
SHW 74 84 
JAR 84 100 
DIM 81 94 
SHE 74 100 
SEN 84 100 
MCC 73 85 
BRO 84 96 
KIN 83 93 
LOG 82 99 
CAL 82 93 
MAC 85 105 
LEH 82 96 
SHA 75 95 
YAC 81 110 
BUD 85 87 
STA 81 90 
STO 81 101 
SMI 83 86 
CAS 82 110 
ALA 85 108 
Average 81 97 
SUMMARY 


A method for the photocolorimetrice determination of ‘‘true sugar’’ in whole 


blood is described. The conditions necessary for obtaining a stable, linear, re- 
producible color for the quantitative determination of glucose by its reduction 
of ferricyanide in alkaline solution are outlined. 


A normal fasting glucose concentration of 73 to 85 mg. per 100 ml. of venous 


blood was obtained. 
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SIMPLE TEST FOR THE APPROXIMATE ESTIMATION OF BLOOD 
CREATININE AND GLUCOSE IN ONE PROCEDURE 


EMANUEL E. Manpet, M.D.,* aNnp Epwarp B. LEHMANN, M.D.t 
Cuicaco, ILL. 


WITH THE TECHNICAL ASSISTANCE OF RoBert Dorin, M.S., AND 
LORRAIN SCHMELZLE, B.S.4 


HE use of picrie acid as a protein precipitating agent in the determination 

of creatinine in the blood was recommended previously by one of the authors 
(E.E.M.) in collaboration with others.1* During a recent re-evaluation of the 
bedside modification of that method‘ it was found that the brief heating of the 
blood-picrie acid mixture as prescribed at times resulted in a filtrate which 
yielded a much more intense color reaction than warranted by the true creatin- 
ine content, as determined with the routine precision method.’ This phenom- 
enon was attributed to the glucose present in the blood, in accordance with re- 
ports long since published.** Henee, it was not only obvious that the original 
technique of quick creatinine estimation* needed revision, but it also appeared 
that the same method might lend itself to a simultaneous determination of the 
blood sugar. This notion was verified by subsequent experiments, the results 
of which are outlined below. 


REAGENTS 


(a) Saturated picric acid. 
(b) 10 per cent sodium hydroxide. 


APPARATUS 


(A) Standardized test tubes approximately 5 inches long and % inch in diameter, 
graduated at 1, 4, 5, and 10 milliliters. 

(B) Small funnel fitted with folded filter paper (Whatman No. 1). 

(C) Medicine droppers. 

(D) Boiling water bath (cup or beaker). 

(E) Potassium bichromate standards ranging from 0.15 to 3 per cent solutions 
(Table I) contained in test tubes identical with those described under A, but not graduated, 
and sealed with paraffin. They are prepared from a 10 per cent solution, acidified with 1 
drop of concentrated sulfuric acid per 100 ml., by progressive dilution with distilled water, 
and are stable for years if kept in a cool and dark place. 

(F) Three-slot comparator with ground-glass background to be viewed against day- 
light or an artificial daylight bulb. 


PROCEDURE 


Creatinine Estimation.—Fill a graduated test tube (A) with reagent (a) to the 4 ml. 
mark. Add venous blood with a syringe or a medicine dropper up to the 5 ml. mark, using 
either a freshly drawn or a preserved specimen rendered noncoagulable. Shake thoroughly 
and let stand for five minutes or until the reddish-brown color of the mixture changes to 
greenish-brown, Filter into a similar test tube until the clear yellow filtrate reaches the 
1 ml. mark. Adjustments of volume can be made readily with a medicine dropper. Add 1 
drop of reagent (b), shake, and allow fifteen minutes for development of yellow-orange color. 


Received for publication, Feb. 9, 1949. 
*Senior Surgeon, U. S. Public Health Service; Chief of Medical Service, U. S. Marine 
Hospital. Present address: Communicable Disease Center, 605 Volunteer Bldg., Atlanta, Ga. 
+Assistant Surgeon, U. S. Public Health Service; Resident in Medicine, U. S. Marine 
Hospital. 
tResearch Technicians, U. S. Marine Hospital. 
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Read in comparator against bichromate standards for creatinine estimation (Table I). In 
the absence of such standards, comparison with a specimen known to contain a normal con- 
centration of creatinine, or with a simple mixture of 1 ml. of reagent (a) with 1 drop of 
reagent (b), may be utilized. An intensity of color in excess of that of either improvised 
standard denotes an abnormal creatinine level. An increase of 3 mg. per cent or more can 
be detected readily without the aid of a comparator. 


TABLE I, CORRELATION OF GLUCOSE AND CREATININE LEVELS WITH CONCENTRATION 
OF POTASSIUM BICHROMATE STANDARDS 








BLOOD GLUCOSE 
(AT AVERAGE CREATININE 











BLOOD CREATININE POTASSIUM BICHROMATE LEVEL OF 1 MG. %) 
(MG. PER 100 ML.) (MG. PER 100 ML.) (MG. PER 100 ML.) 
0.8 150 50 
1.0 200 67 
1.6 250 78 
2.0 300 90 
2.3 350 95 
2.6 400 100 
3.2 500 112 
ed 600 120 
4.2 700 130 
4.6 800 138 
5.0 900 145 
5.4 1,000 150 
5.7 1,100 155 
6.0 1,200 160 
6.4 1,300 165 
6.8 1,400 170 
(el! 1,500 175 
7.5 1,700 180 
8.0 1,900 185 
8.4 2,000 190 
9.1 2,200 195 
9.8 2,400 200 
10.2 2,500 205 
14.0 3,000 215 





Glucose Estimation—Having served for the visual creatinine determination, the same 
specimen is immersed in a boiling water bath for about three minutes, A change in color 
to a more or less intense reddish-brown occurs, depending upon the concentration of glucose 
present. Periods of two to ten minutes used for boiling the specimen produce the same re- 
sults, both visual and spectrophotometric. The glucose level can be estimated roughly im- 
mediately after removal of the tube from the water bath by one who has gained some ex- 
perience with the test. 

For better accuracy, add distilled water to the 5 ml. mark, and after mixing, compare 
the resulting color with bichromate standards as listed in Table I. With color reactions 
more intense than that of the 2,400 mg. per cent bichromate solution (above 200 mg. per 
cent of glucose), dilute the specimen with another 5 ml. of water by making up to the 10 
ml. mark.* Without this additional dilution of samples with higher glucose contents, the 
deepness of their color renders visual comparison unreliable and does not permit accurate 
spectrophotometric correlation with potassium bichromate standards (see below). Doubling 
of the value obtained for the diluted specimen from Table I yields the true blood glucose 
level. Further dilution (replacing 5 ml. of the 10 ml. specimen with water) and quadrupling 
of the result is necessary for blood samples with a sugar content greater than 400 mg. per 
cent. 

With these higher dilutions, the influence of an elevated creatinine on the glucose re- 
action is negligible. They were not employed with lower glucose concentrations because 

*If the capacity of the test tubes (A) used is less than 10 ml., transfer 1 ml. of the 
specimen to another tube (A) and make up with distilled water to the 2 ml. mark prepared 


for this purpose. Fourfold dilution, if necessary, is implemented by adding water up to the 
4 ml. mark. 
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the resulting light color shades were poorly distinguishable by the eye. With the routine 
‘procedure of analyzing blood specimens containing up to 200 mg. per cent of glucose, a 
marked increase in creatinine contributes to the intensity of the picrate glucose color reaction 
sufficiently to warrant its consideration in the final comparison. For example, a creatinine 
level of 5 or 10 mg. per cent raises the spectrophotometric reading of a glucose specimen 
by approximately 10 to 20 mg. per cent of glucose respectively. This difference in color is 
noticeable visually. Hence, for every milligram per cent of creatinine found in excess of 
the average normal of 1 mg. per cent, 2 mg. per cent of glucose may be deducted from the 
final glucose value, as derived from Table I. Delay in heating the alkalinized filtrate, there- 
fore, until after the creatinine reaction has been evaluated, is desirable since it improves the 
accuracy of the glucose determination, Conversely, the creatinine reaction was found to be 
uninfluenced, within the time allowed for reading, by a high glucose level. Both the creatinine 
and glucose results are unaffected by either acetonemia or hyperuricemia. 

The values recorded in Table I were obtained by frequent visual tests and by means 
of spectrophotometric calibration* using blood specimens, as well as aqueous solutions con- 
taining different creatinine and glucose titers. Whenever the light absorption at a wave length 
of 510 was found to be identical for the picrate reactions of either of those substances, and 
for certain potassium bichromate concentrations, the colors could not be distinguished by 
direct inspection. This observation permitted objective correlation between the standard 
(potassium bichromate) and the test substances, corroborating the subjective visual findings. 
In all basic calibrations, exact volumetric measurements were followed. 


RESULTS AND COMMENT 


The results obtained with the described methods were compared with those 
of routine quantitative procedures” ®t (Table II). The patient material was 
divided into four groups according to clinically significant blood creatinine and 


blood sugar levels respectively.'® '' While the error of the visual tests at times 
was considerable, the patient was placed in the wrong clinical group in only 
three of one hundred creatinine determinations and in five of one hundred 
glucose analyses. This low incidence of major errors may be considered quite 
satisfactory since volumetric measurements were made by graduation of the 
test tubes only and without the use of pipettes, for the sake of simplicity. With 
increased practical experience, no great inaccuracies were encountered. Indeed, 
each of the tests proved valuable in the detection and follow-up care of azotemic 
TABLE II. COMPARISON OF RESULTS OF ROUTINE PRECISION METHODS AND OF VISUAL 


TESTS, EMPLOYED CONCURRENTLY IN THE DETERMINATION OF BLOOD 
CREATININE AND BLOOD GLUCOSE 








VISUAL METHOD 





NUM- 
BER OF GREATEST GREATEST 
PRECISION METILODS PA- MINUS ERRORS PLUS ERRORS 








(MG. PER 100 ML.) TIENTS MG. PER 100 MIL, 





Range of Creatinine Levels 
Up to 2 60 0.8 instead of 2. 2.0 instead of 1.5 
2.1-5 16 2.0 instead of 2. 5.4 instead of 4.6 
5.1-8 13 6.2 instead of 7.! 8.4 instead of 7.8 
Above 8 1] 8.7 instead of 9. 10.2 instead of 9.7 





Range of Glucose Levels 
50-125 42 75 instead of 101 125 instead of 100 
126-200 23 160 instead of 183 145 instead of 129 
201-300 215 instead of 260 300 instead of 264 
Above 300 ; 330 instead of 361 500 instead of 481 














*Coleman Senior spectrophotometer. 
7Vhoto-colorimeter No. 313, Ik. Leitz, Inc., New York, N. Y. 
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and diabetic patients respectively, and both together in the management of 
diabetic coma, particularly at times when the routine laboratory facilities were 
not available. 

The method can be adapted as a quantitative clinical procedure using 
proper chemical technique and a photelometer, a subject to be presented in a 
future publication. 

The practical value of a simple bedside method for determining creatinine 
and sugar in the blood needs little emphasis and has been well illustrated in 
recent publications. The blood creatinine level serves as a highly dependable 
index of the total nonprotein nitrogen and probably reflects better than any 
other single substance the extent of organic kidney impairment.” * 1! Motivated 
by such practical considerations, Addis and associates’? devised a clinical 
method, quite similar to ours, for approximating the creatinine concentration 
in the serum. Without precipitating protein, those authors compare with 
potassium bichromate standards the chromogen reaction which develops in 
serum following the addition of alkaline picrate solution. The proteins must be 
precipitated, however, from colored or lipemic serum. Without this step, the 
procedure takes little more than six minutes if one does not consider the time 
required for the collection of clear serum. 

The demand for a quick blood sugar determination is perhaps even more 
obvious.’ 1% One of the methods recently published'* constitutes a simplifiea- 
tion of Hagedorn’s technique and permits differentiation of blood samples 
within five minutes into two groups, those with a glucose content above or below 
a certain adjustable level. A special kit containing various reagents in tablet 
form is required. This is essentially a screening method and not applicable to 
the routine clinical management of the diabetic. In another procedure’ the 
agent responsible for the glucose reaction is dinitrosalicylie acid, a substance 
closely related chemically to picric acid, producing similar color phenomena. 
The relative complexity of the procedure and of the necessary apparatus may 
deter its general acceptance. Kleeberg’s test,’® using a caustic potash reaction 
in a trichloracetic acid blood filtrate, provides rapid information as to the 
general range of glycemia. The required distinction between various shades 
of yellow, in the absence of color standards, does not afford closer estimation of 
sugar values. 

The interaction of picrie acid with creatinine is a major reason for the 
unpopularity of this blood sugar reagent.** If that reaction is taken into con- 
sideration, however, the use of picrie acid in this capacity seems to be not only 
acceptable but also advantageous in view of its additional function.as a de- 
proteinizing substance. It allows the ready measurement of two blood con- 
stituents, essential both for screening projects and in routine clinical work, 
with a minimum of time, apparatus, and laboratory experience. 


SUMMARY 


An approximate and almost simultaneous estimation of blood creatinine 
and blood sugar, adequate for clinical purposes, is possible with a simple method 
employing picrie acid both for the precipitation of blood proteins and for the 
specific chemical reactions. 
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A QUANTITATIVE SPINAL FLUID GLUCOSE MICROMETHOD FOR 
THE PEDIATRIC WARD LABORATORY 


Lytr I. GARDNER,* M.D., HELEN BERMAN, B.S., Evste A. MacLAcHuan, B.S., 
AND Mary L. Terry, A.B. 
Boston, Mass. 










T HAS been well established that a lowered glucose concentration in spinal 

fluid is an important clue in the early diagnosis of meningitis,!* particularly 
when other spinal fluid findings are lacking. Since this diagnosis frequently 
must be established at night when laboratory facilities are limited or unavailable, 
reliance is often put on the qualitative reaction of Benedict’s solution.’ This 
reaction is difficult to evaluate quantitatively and requires 0.75 ml. to 1.0 ml. 
of spinal fluid, an amount unavailable from some infants. 

To provide a rapid quantitative estimation of spinal fluid glucose the fol- 
lowing adaptation of Lewis and Benedict’s picric acid method for glucose*® 
has been employed. <A single 0.25 ml. sample of spinal fluid suffices for the 
determination. No colorimeter is required. Results are expressed as milligrams 
per cent glucose and usually do not vary from results obtained with the Folin 
ferricyanide method® by more than 5 mg. per cent. 







I ARNE LRA SAN ERS 





Test adakinn salto 











METHOD 










Reagents.—Sodium picrate 1.0 per cent aqueous solution. This is prepared free of 
the red-colored picramic acid as described by Folin.1°t 

Sodium carbonate 10 per cent aqueous solution. This and the sodium picrate solution 
are stored in gravity flow stock bottles with dropper tips on the tubing. 


Standard glucose solution 200 mg. per cent. Ten additional dilutions from 10 to 100 











mg. per cent are made from this stock solution. 

Apparatus——Permanent color standards. These are easily made from 10 by 75 mm. 
soft glass test tubes. Tubes for permanent standards and for the reaction should be of 
the same inside diameter. This may be measured with a caliper or by delivering water into 
several tubes from a 1.0 ml. pipette. Those with the same water level are selected. The 
upper portion of the test tube is drawn out to a tip which is broken off. Permanent colored 
solutions are made by adding equal quantities of glucose standard and dilutions, 10 per cent 
sodium carbonate solution, and 1.0 per cent sodium picrate solution to a test tube. This is 
placed in boiling water for eight minutes. The eleven colored solutions so prepared are 
introduced by dropper into the drawn-out tips of the 10 by 75 mm. test tubes, which are 
sealed off in a flame. This makes eleven permanent standards between 10 and 200 mg. per 
cent glucose which may be kept in a wooden comparator block. 

Reaction tubes: 10 by 75 mm. Pyrex test tubes are used. 
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+Transfer 500 Gm. moist picric acid to a Florence flask of 1.5 liters capacity. Add 500 
ml. of acetone. Shake with a little warming under hot tap water until all the crystals are 
dissolved. Dissolve 250 Gm. of anhydrous sodium carbonate and 100 Gm. of sodium chloride 
in 2.5 liters of warm water in a 4-liter beaker. While stirring with a large agateware spoon, 
add ‘the acetone solution gradually to the alkaline salt solution. When the reaction is finished, 
let stand in cold water for about half an hour, and then gradually pour the now nearly solid 
mass on a hardened filter on a large Buchner funnel (20 cm. diameter). Wash the picrate 
with about 2 liters of 5 to 10 per cent sodium chloride solution. Dry at room temperature or 
over a radiator. Make to 1.0 per cent aqueous solution. 
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Fig. 1.—An easily made comparator block for the permanent color standards. Attached cross- 
wise is a reaction whe with rings scored at 0.25 ml., 0.50 ml., and 0.75 milliliter. 


Procedure.—From a graduated 1 ml. pipette add 0.25 ml. spinal fluid to a reaction 
tube. Then add 0.25 ml. 1.0 per cent sodium picrate solution and an equal quantity of 10 
per cent sodium carbonate solution. An alternative procedure, which avoids the use of 
pipettes, is to calibrate the reaction tubes by scoring them with a diamond pencil at 0.25 
ml, 0.50 ml., and 0.75 ml. The spinal fluid and solutions may then be added from clean 
medicine droppers. Shake. Place in boiling water eight minutes. Put in comparator 
block and compare with permanent standards. Express results as milligrams per cent 
glucose. 


RESULTS 


Table I presents a comparison of spinal fluids analyzed for glucose by 
Folin’s ferricyanide method and by the picrate method. The data show that 
variation in spinal fluid total protein does not influence the similarity of results 
with the two methods. 

Creatinine reacts with sodium picrate to produce a color similar to that 
produced by glucose. Table II shows a comparison of spinal fluids analyzed 


TABLE I. COMPARISON OF. ANALYSES OF SPINAL FLUID FOR GLUCOSE BY THE FOLIN 
FERRICYANIDE METHOD AND BY TILE PICRATE METHOD 











TOTAL PROTEIN | GLUCOSE (MG. %) 


(MG. %) FERRICYANIDE METHOD — | PICRATE METHOD 
168 64.5 65 
41 62.1 
28 535% 

40 94.7 
31 
45 
9G 
98 
58 
a2 60.0 
SO 54.0 
56 66.0 
80 42.0 











Average difference of picrate method values from ferricyanide method 
£ I ; 
values + 3.47 mg. per cent glucose 
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TABLE II. COMPARISON OF ANALYSES OF SPINAL FLUID FoR GLUCOSE BY THE PICRATE 
METHOD WITIE AND WITHOUT CREATININE IN A CONCENTRATION OF 
5 MG. PER CENT 








PICRATE METHOD 











TOTAL PROTEIN | FERRICYANIDE METHOD GLUCOSE (MG. %) 
(MG. %) | GLUCOSE (MG. %) NO CREATININE | CREATININE ADDED 
38 74.0 80 80 
30 66.6 70 70 
45 66.0 70 70 
128 66.2 70 70 
84 27.7 — 40 





for glucose by the picrate method, with 5 mg. per cent creatinine added to one 
eroup. This concentration was found by Myers and Fine only in severe 
nephritis.11_ Comparison of the two groups shows similar results for glucose 
except in the spinal fluid containing least glucose, where the picrate method 
gave a higher reading. Hence in the rare patient with both meningitis and 
severe nephritis this error might occur. 

In the absence of meningitis, spinal fluid sugar reflects hyper- and hypo- 
olycemia.’? 7% The 200 mg. per cent standard was included to detect hyper- 
elycemia if it exists. 

SUMMARY 


A modification of the Lewis and Benedict picrie acid method for glucose 
is described for use with spinal fluid, requiring only 0.25 ml. of spinal fluid. 
No colorimeter is required. 

Results agree closely with the Folin ferricyanide method for glucose (aver- 
age difference, +3.47 mg. per cent). The condition in which spinal fluid 
creatinine may cause error is discussed. 


The authors are indebted to Dr. Allan M. Butler for helpful suggestions. 
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ACID PHOSPHATASE TEST FOR IDENTIFICATION OF 
SEMINAL STAINS 


SmipNEY Kaye, M.Sc. 
RICHMOND, VA. 


TEST for the identification of seminal stains as a means of determining 

the accuracy of charges of rape must have a high degree of reliability with 
almost no margin of error. 

The isolation of spermatozoa properly fixed and stained is by far the most 
satisfactory test for the demonstration of male ejaculate. However, chemical 
identification for the presence of seminal fluid adds further proof. In some 
instanees chemical identification may be of more importance since it is not always 
possible to demonstrate the presence of intact spermatozoa with both head and 
tail, or even to identify microscopically the separate parts with certainty. In 
old specimens especially, some of the tails may be missing or abnormally twisted 
and the disjointed sperm heads are extremely difficult to identify and may be 
confused with spores, pus cells, or artifacts. In such situations and in aspermia 
or azoospermia* in which the ejaculate lacks spermatozoa, other reliable micro- 
chemical tests are desirable. 

The first microchemiceal test for seminal stains, described by Florence in 
1896, has been used generally and accepted by scientific laboratories and law 
enforcement agencies. The procedure is simple, using a modified Wagner’s 
reagent (1.6 Gm. potassium iodide, 2.5 Gm. iodine, dissolved in 30 ml. water). 
At the line of confluence between the drop of extract and reagent, dark rhombic 
crystals of choline iodide may be microscopically observed. Results with the 
Florence test are not conclusive and occasionally may be erroneous.°® 

If soap is used in the extraction, the test may be negative; moisture and 
putrefaction are sources of error. Albumin, glycerophosphorie acid, choline, 
trimethylamine, and extracts of mushrooms, corn, blossoms of plants, onions, 
and many other materials may interfere or give false positive results. Many 
attempts have been made to modify the Florence test to inerease its specificity 
but none of the modifications are reliable. The subject has been adequately 
reviewed by Pollak.® 

Ito first demonstrated that dried seminal stains give a characteristic 
fluorescence under ultraviolet light. However, this same brilliant characteristic 
fluorescence also may be obtained by many other substances and is therefore 
nonspecific for semen. It is of some value in locating suspected stains over 
large areas of garments and then marking these for later extraction. 
ole Se See ert Gomme oe eats, oat 

Received for publication, Jan. 26, 1949. 

*Aspermia is the congenital or acquired obstruction of the ducts, preventing passage of 
sperm from the sex glands; azoospermia is the condition of immature cells of spermatogenesis 


which may be temporary or permanent due to frequent intercourse, alcoholism, or internal 
disease, 6b 
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None of the tests so far proposed can positively indicate or exclude the 
presence of human semen. All the reagents suggested react with various common 
substances and especially alkaloids. In addition, choline, spermine, and calcium 
have universal distribution. and thus render these tests nonspecific. 


RECOMMENDED TEST 


A microchemical test for the identification of semen and seminal stains by an acid 
phosphatase reaction that appears to be both specific and sensitive may answer the need for 
a reliable test. 

Kutscher and Wolbergs* in 1935 reported that normal human prostatic tissue contains 
a very large amount of acid phosphatase. The source of this enzyme was established by 
Gormori! as the epithelium of the prostate gland which contains up to several thousand 
units of acid phosphatase per gram of fresh tissue. These high values appear to be present 
only in monkey and man (after puberty) in comparison with a very small amount of this 
enzyme in the cat, rabbit, guinea pig, rat, dog, ground hog, and gopher. Sullivan, Gutman, 
and Gutman8 later confirmed these high values (500 to 2,500 units of acid phosphatase per 
gram of fresh epithelial tissue of the prostate) and also reported that the human prostatic 
secretion is similarly rich in the enzyme. 

The determination of acid phosphatase activity in the microchemical identification of 
seminal fluid and stains was reported by Hansen? and Riisfeldt? in Denmark in 1946. It 
was considered worth while confirming the value of this test and reporting the results in the 
American literature. 

The average seminal fluid contains approximately 2,500 King-Armstrong units of acid 
phosphatase per milliliter, ranging from a lower limit of about 500 units to an upper limit 
of about 3,500 units. Differences between these high values and the normal values of other 
body fluids are so decided as to leave little room for doubtful interpretation. In cases of 
aspermia and azoospermia the ejaculate also has a comparably high content of phosphatase. 

While the semen of monkeys and man has a characteristically high value, other common 
substances that are likely to interfere have values below 5 King-Armstrong units. Only in 
man and monkey has the acid phosphatase been found in the prostatic secretion in any 
significant amounts (Hansen). The enzyme is resistant to the influence of all known body 
fluids including vaginal secretion, but may be inhibited by cyanide, fluoride, or heat (see Table 
II). 

The procedure for the test is quite simple. The method of estimating the acid phos- 
phatase of a stain on clothing is to extract a small unit area (approximately 1 sq. cm.) of 


TABLE I, SPECIFICITY—POSSIBLE INTERFERENCE OF Bopy FLUIDS AND Foop STAINS 

The materials listed below were each analyzed and found to contain less than 5 King- 
Armstrong units of acid phosphatase per milliliter of concentrated pure substance, and in 
the cases of vaginal fluids, perspiration, feces, nasal discharge, and pus, per unit square 
centimeter of saturated control cloth. 








BODY FLUIDS FOOD STAINS 





Vaginal fluids Tea Meat gravy 
Urine Coffee French dressing 
Blood (serum) * Ege white Beet juice 
Blood (whole) Egg yolk Custard 

Blood (menstrual) Vegetable juice (V-8) Starch 


Saliva 
Perspiration 
Pus 

Nasal discharge 
Gastric juice 
Feces 

Rectal smears 


Orange juice 
Prune juice 
Beer 

Milk 

Cream 
Mushrooms 
Corn 


Mayonnaise 

Chop suey 

Soapy water (Ivory) 
Onions 

Albumin 

Choline 


Alkaloids, such as quinine, atropine, procaine 





*In carcinoma of the prostate with metastases this value may be increased, appreciably. 
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_specimen with 3 ml. of water, repeat the extraction and tease the sample with a small medicine 
dropper, using the same 3 ml. of original water. Allow sufficient time for a complete 
extraction, then perform an acid phosphatase determination on 1 ml. of the filtered extract. 
It is even better to centrifuge the extract, examine the residue, and stain for spermatozoa in 
an accepted manner (Giemsa or Gram stain is satisfactory), in addition to doing an acid 
phosphatase test on the supernatant fluid; these tests may be performed simultaneously with 
the same original extract. 

The procedure used for these experiments is a modification of the King-Armstrong 
method described by the Paul-Lewis Laboratories5; however, any accepted procedure for 
the determination of acid phosphatase is satisfactory, but particular attention should be 
given to the comparative results and technique employed (incubation time, reagents, etc.). 
In positive cases where the samples examined were sufficient, in no instance were the high 
values doubtful as to interpretation, regardless of results or technique used. A control 
should be simultaneously run to rule out possible interference. Positive results are indicated 
by the marked, increased acid phosphatase activity in comparison with the low acid phos- 
phatase activity of body and food contaminants as shown in Tables I and IT. 


TABLE II. Actin PHOSPHATASE VALUES FoR SEMINAL FLUIDS 








KING-ARMSTRONG UNITS 





Seminal fluids 


Fresh 2,000-2,800 per ml. 
Decomposed 800-1,700 per ml. 
Seminal stains 
Dissolved in 5% KCN < 50 per sq. ¢m.* 
Dissolved in 5% NaF < 50 per sq. em. 
Heated at 100 C for 3 min. < 50 per sq. em. 
1 day old , > 50 per sq. em. 
1 week old > 50 per sq. cm, 
1 month old > 50 per sq. em. 
6 months old > 50 per sq. em. 








*Of cloth stained with seminal fluid, and dried. 


The color intensity obtained with seminal stains is too great to read directly. Conse- 
quently, dilution of the final color with distilled water is necessary in order to approximate 
the color intensities of standards calibrated for colorimetric readings. The dilution factor 
must be taken into consideration when making the final calculations. 

It is not always practical or possible to extract a definite unit area as was previously 
suggested since absorbent properties cannot always be taken into consideration of the 
different cloths and stains on materials such as grass, soil, wood, and rocks. Also, inasmuch 
as it is reasonable to assume that the area concentration of a stain will be unevenly dis- 
tributed with its highest concentration toward the center of the dried stain, judgment 
should be used in determining the size of the sample. An area of approximately 1 sq. em. 
usually will suffice. 
INTERPRETATION 


An acid phosphatase activity of 25 King-Armstrong units per milliliter 
of extract from an area of approximately 1 sq. em. should be considered posi- 
tive for seminal stains. This value was arbitrarily established by observation 
and comparison with stains of fruit, vegetables, body fluids, and with stains 
produced by semen. With seminal stains, conditions may be quite varied, 
depending upon size, unit concentration, thickness, complete extraction, dilution 
factors produced by rain, washing, or contaminants. These variables are difficult 
to control or estimate accurately. Therefore, good judgment is necessary in 
determining the size of the sample to be taken. If it is obvious from visual 
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or tactile pereeption or from ultraviolet light observation that the stain is 
widely and thinly dispersed or diluted, the size of the area to be extracted 
should be inereased. Body fluids and the common stains will not interfere since 
it was found that even in concentrated form these do not have an increased 
acid phosphatase activity. (See Table I.) 

Since the usual common contaminants that may simulate the appearance 
of seminal stains all have a relatively low acid phosphatase activity (Table I) 
and stains produced by semen have such a high acid phosphatase activity, there 
is still a wide margin for error allowed if the minimum value for interpretation 
of a positive test is set at 25 units per milliliter of solution. 

In the past, occasion has presented itself where the precipitin test of 
Farnum may have been performed to differentiate between stains of human or 
animal origin. It is believed that if the possibility of the stain being of monkey 
origin can be ruled out, the positive acid phosphatase test would suffice to 
indicate a prostatie secretion of human origin. 


SUMMARY 


In the legal proof of rape, scientifie evidence must be specifie and should 
allow no margin of error. 

The microchemical tests, including the Florence test, heretofore used in 
the identification of seminal stains have been nonspecific. 

A microchemical test suggested by Hansen and Riisfeldt is described based 
on the high acid phosphatase level of seminal fluid of human origin. This 
promises to be both a specific and sensitive procedure for the positive identifica- 
tion of seminal stains as an adjunct to the demonstration of whole spermatozoa, 
and of particular value in eases of aspermia or azoospermia. 


CONCLUSIONS 


1. The acid phosphatase method of recognition of seminal stains is particu- 
larly good in that differences between positive and negative results are easily 
interpreted. 

2. The reaction is very sensitive and appears to be specific for seminal 
fluid of man or monkey only. Alkaloids, common food stains, and body fluid 
stains do not interfere with the test. 

3. The test can be performed simultaneously with the demonstration of 
fixed and stained spermatozoa without loss of material tested. 


4. Seminal stains give positive tests even after six months. 
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ERRATUM 


In the article by Allen and associates, ‘‘A Protamine Titration as an Indication of a 
Clotting Defect in Certain Hemorrhagic States,’’ in the April issue, the first line, p. 473, 
should read: Dogs exposed to 450 r. as total body x-ray develop a clotting defect similar 


to that produced by the intravenous injection of heparin.1 
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CULTIVATION OF MYCOBACTERIUM TUBERCULOSIS 


A COMPARISON OF HypROCHLORIC ACID AND TRISODIUM PHOSPHATE IN THE 
PREPARATION OF SPUTUM AND OF THE USE oF FLUID Dusos-Davis 
MEDIUM AND PETRAGNANI MEDIUM 


MARGARET BEA TTIE, % 
BERKELEY, CALIF. 


|‘ 1946 Corper and Stoner’ deseribed the use of trisodium phosphate in the 
preparation of sputum for the diagnostic culture of mammalian types of 
Myco. tuberculosis. These workers reported that this organism was not de- 
stroyed by contact with a 10 per cent solution (23 per cent Na,PO,12H,O) of 
trisodium phosphate for a week at room temperature and that contaminating 
organisms in sputum were destroyed without hazard to the tubercle bacillus by 
contact for twenty-four hours at 37° C. Van Vranken? reported a comparison 
of the use of oxalic acid and trisodium phosphate in the treatment of sputum 
specimens for culture. She found that the use of trisodium phosphate yielded 
more positive cultures than the use of oxalic acid both when acid-fast organisms 
were observed in direct smears and when direct smears were negative. Since 
such a procedure would be particularly useful in a teaching laboratory where 
time is limited as well as in a diagnostic laboratory where specimens are re- 
ceived at various times during the day, it was decided to compare this new 
technique with that described by MeNabb* which utilizes a 3 per cent solution 
of hydrochloric acid in the treatment of sputum for cultivation. MeNabb’s 
technique has been used for more than ten years in this laboratory. 

The use of the liquid medium described by Dubos and Davis‘ has been 
studied by a number of workers both as a medium for detecting tubercle bacilli 
in pathologic material and as an assay medium in tests for antibiotic activity 
against the bacillus. Foley,» * who compared fluid Dubos medium and guinea 
pig inoculation in the cultivation of Myco. tuberculosis from sputum, obtained 
growth in the fluid medium in fifty and growth in the guinea pig in fifty-four 
of the fifty-seven sputum specimens tested. Goldie’ reported cultivation of 
Myco. tuberculosis in fluid Dubos medium from 116 of 400 sputum specimens. 
No other medium was used and guinea pigs were not inoculated by this worker. 
In no instance did growth fail to oceur in the culture when acid-fast bacilli 
had been observed in smear preparations of the sputum. In cultures from 
thirty-four sputum specimens, growth in the medium was observed when no 
acid-fast bacilli had been seen in direct smear preparations of the specimens. 





From the School of Public Health, University of California. 
Received for publication, Jan. 14, 1949. 
*Associate Professor. 
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Wolinsky and Steenkin® reported fluid Dubos medium as satisfactory for test- 
ing the effect of streptomycin on Myco, tuberculosis. Wong, Hambly, and 
Anderson® found Dubos-Davis medium suitable for demonstrating the antibiotic 
activity of subtilin against the tubercle bacillus. 

For this study sputum specimens were obtained from four sanitaria and 
the Laboratories of the California State Department of Public Health. The 
sputum was homogenized and equal portions were treated with acid (MeNabb’s 
technique*) and trisodium phosphate (Corper and Stoner’s technique'). Each 
portion of treated sputum was planted on Petragnini medium (modification of 
Saenz and Constil’®), and more than half of the portions were inoculated into 
fluid Dubos-Davis medium.* No selection of specimens to be planted in the fluid 
medium was made. 


A Comparison of the Effect of Treatment of Sputum With Hydrochloric 
Acid and Trisodium Phosphate in Preparation for Culture.—Of 245 sputum 
specimens treated with hydrochloric acid and trisodium phosphate (Table I), 


TABLE I, GROWTH OF ACID-FAST ORGANISMS ON PETRAGNANI MEDIUM FROM SPUTUM USING 
AciID-TREATED (MCNABB) AND PHOSPHATE-TREATED (CORPER AND STONER) PORTIONS 








NUMBER OF SPECIMENS 
Growth, acid-treated portion 150 
Growth, phosphate-treated portion 





No growth, acid-treated portion 66 
No growth, phosphate-treated portion 
Growth, acid-treated portion 21 
No growth, phosphate-treated portion 
No growth, acid-treated portion 8 
Growth, phosphate-treated portion 

Total specimens 245 








no growth of acid-fast bacilli on Petragnani medium was observed from either 
portion of sixty-six specimens. Of the 179 specimens in which viable acid-fast 
bacilli were found, growth was observed on the medium inoculated with both 
portions of 150 sputum specimens. In twenty-one of the remaining specimens, 
growth of acid-fast bacilli which produced colonies typical of Myco. tuberculosis 
occurred on medium inoculated with the acid-treated sputum portion, but no 
erowth of such organisms was observed on the medium inoculated with the 
corresponding phosphate-treated portion. From eight specimens, growth of 
Myco. tuberculosis was obtained from the portion treated with phosphate but 
not from the corresponding portion treated with acid. It was noted in these 
latter cultures that the medium was overgrown with contaminants which made 
the detection of rare colonies of Myco. tuberculosis impossible. 

Growth appeared earlier on the medium inoculated with acid-treated por- 
tions of the sputum specimens in 79 of the 150 specimens where growth was 
obtained from both portions. (Table II.) Sinee the cultures were observed 
only at weekly intervals, no fine differences could be seen. Krom sixty-five 
specimens, colonies were observed at the same time regardless of the method 
of treatment. Krom six specimens colonies were observed earlier on medium 
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‘noculated with phosphate-treated portions than on medium inoculated with 


icid-treated portions. These acid-treated specimens were all contaminated, 
vhich may account for the failure to discover colonies of Myco. tuberculosis. 
Jontaminants were completely suppressed in the cultures from the portions 
reated with phosphate. 


TABLE IT. TIME OF APPEARANCE OF GROWTH FROM ACID-TREATED AND PHOSPHATE-TREATED 
SPUTUM SPECIMENS 











ACID-TREATEN PHOSPHATE-TREATED SAME 
EARLIER EARLIER TIME TOTAL 
79 6 65 150 





Record was made as to the relative amount of growth observed in cultures 
‘rom the paired specimen portions. (Table III.) Only those cultures which 
had obviously greater amounts of growth (from two to one hundred times) were 
classified as greater. If the difference was less obvious, the amount of growth 
was designated as equal. Of the 150 specimens containing viable tubercle 
bacilli in both portions, the amount of growth from 119 was greater in cultures 
‘rom the acid-treated than from the phosphate-treated portion. Irom eighteen 
specimens the amount of growth was approximately the same. More growth 


TABLE IIT. AMouNT oF GROWTH FROM ACID-TREATED AND PHOSPHATE-TREATED 
SPUTUM SPECIMENS 











ACID-TREATED PHOSPHATE-TREATED 
GREATER GREATER EQUAL AMOUNT TOTAL 
119 13 18 150 





was noted in cultures from thirteen phosphate-treated portions than in cultures 
from the corresponding acid-treated portions. No contamination of cultures 
made from the phosphate-treated portions was noted, while in the corresponding 
cultures from the portion of sputum treated with acid there was considerable 
overgrowth by contaminants. Probably less growth of Myco. tuberculosis was 
observed because of the presence of these contaminants in the cultures. 

Stained preparations were made from the suspended sediment from each 
treated sputum portion as well as from the growth on culture medium. It was 
observed that acid-fast bacilli in stained preparations from phosphate-treated 
sediments or from cultures grown from phosphate-treated portions, in the first 
or second week, were fragmented and distorted in morphologic appearance and 
irregular in staining reactions. The contrast in the appearance of organisms 
in stained preparations from acid-treated sediments or cultures grown from 
acid-treated portions was marked in that the organisms from the acid-treated 
portions always appeared as nonfragmented, typical tubercle bacilli. The ap- 
pearance of acid-fast bacilli in stained preparations from well-developed colonics 
after the third or fourth week of incubation did not differ when grown from 
acid- or phosphate-treated portions of sputum. 

Comparison of Growth in Dubos-Davis Medium and Petragnini Medium.— 
Most of the DPubos-Davis medium used was supplied by Difeo Labora- 
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_tories for experimental purposes. 1.2 grams of Bacto Tbh. Broth Base 
Experimental were added to 100 ml. of 5 per cent glycerol solution. This 
mixture was sterilized at 121° C. for twenty minutes. To the cooled medium 
10 ml. of Bacto Tb. Medium Serum Experimental were added aseptically and 
the finished product was dispersed in screw-cap Pyrex test tubes. Ninety-six 
of the 257 plants were made in Dubos-Davis medium prepared in this laboratory 
according to the formula described by Dubos and Davis.* Yeast autolysate, 
erystalline bovine albumin, and Tween 80 were used. 


The difference in growth in the two fluid media used is not statistically 
significant. The Difeo Experimental medium was used for the first 161 speci- 
mens and the medium made in the laboratory of the School of Public Health 
was used for the last ninety-six specimens. The apparent superiority of this 
latter medium is probably due to increased facility in the preparation of smears 
in the later period of the study. 

Of the 257 (Table IV) sputum specimen portions planted on Petragnani 
medium and into Dubos-Davis fluid medium, growth was observed in both media 
in 156 portions. No growth was observed in either medium in cultures from 
sixty-nine sputum portions. The results were in disagreement in thirty-two 


TABLE LV. COMPARISON OF GROWTH OF MyYCO. TUBERCULOSIS ON PETRAGNANI MEDIUM AND 
Dusos-Davis FLuip MepIUM: Dirco EXPERIMENTAL AND SCHOOL OF PUBLIC HEALTH 








| P. NO 
GROWTH P. GROWTIL P. NO 
- GROWTH D. NO D. NO GROWTIL 
DUBOS-DAVIS MEDIUM . GROWTH GROWTH GROWTH D. GROWTH | TOTAL 
Difco experimental 93 44 17 161 
School of public health 63 25 ) ‘ 


Total = 69 





P, Petragnani medium. 
D, Dubos-Davis fluid medium. 


instances. Twenty-two times growth was observed on Petragnani medium and 
not in Dubos-Davis fluid medium, and ten times the reverse was true. Because 
the specimens used in the study were largely from patients with tuberculosis, 
the rate of agreement was so high (225 of 257) that the results could not be 
subject to statistical evaluation. The growth of acid-fast bacilli in either of 
the two media under consideration was not greater than might have occurred 
by chance in this series of specimens. 

One of the advantages claimed for Dubos-Davis fluid medium is rapidity 
ot growth which facilitates the rendering of an earlier report than is possible 
when solid medium is used. However, if smear preparations are made from 
the growth on Petragnani medium, it is possible to observe pairs or clumps of 
acid-fast bacilli a week or ten days before colonies are visible, and frequently 
a report can be made as early as is possible when fluid medium is used. The 
technical difficulties encountered both in the making of the fluid medium and 
of the stained preparations of growth in the medium are greater than in the 
making of medium or stained preparations from the growth on Petragnani 
medium. The amount of time gained by cultivation in fluid medium is not great 
enough to compensate for the technical difficulties encountered. 
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The effect of treatment with hydrochloric acid or trisodium phosphate 
as reflected in growth in fluid (Dubos-Davis medium) or on solid (Petragnani) 
medium was observed in 127 acid-treated and 130 phosphate-treated portions 
of sputum. (Table V.) 





TABLE V. GROWTH IN DUBOS-DAVIS MEDIUM AND PETRAGNANI MEDIUM INOCULATED WITH 
AcID-TREATED AND PHOSPHATE-TREATED SPUTUM PORTIONS 























MEDIUM 127 ACID-TREATED PORTIONS 130 PHOSPHATE-TREATED PORTIONS 
Petragnani Growth No Growth No Growth No Growth No 
growth growth growth growth 
Dubos-Davis Growth No No Growth | Growth No No Growth 
growth | growth growth | growth 
Number 82 33 -— . - ft 36 =m {| 6 























Growth was obtained in both media from 82 of 127 acid-treated and from 
74 of 130 phosphate-treated portions of sputum. Neither medium revealed 
growth of Myco. tuberculosis after inoculation with thirty-three acid-treated 
and thirty-six phosphate-treated portions. Eight specimen portions treated 
with trisodium phosphate grew in Dubos-Davis fluid medium and not on 
Petragnani solid medium, whereas only two acid-treated portions which grew 
in Dubos-Davis fluid medium failed to grow on Petragnani medium. It is ap- 
parent that the bacilli surviving in the phosphate-treated sputum found con- 
ditions more favorable for growth in the fluid medium, The nature of the 
sample (majority specimens positive) and the small number of differences in- 
volved makes a statistical evaluation of the results impossible. 


SUMMARY AND CONCLUSIONS 


Two hundred and forty-five sputum specimens were homogenized and equal 
portions treated with hydrochloric acid (MeNabb’s technique) and trisodium 
phosphate (Corper and Stoner’s technique). Each portion was cultured on 
Petragnani medium and the rate and amount of growth of acid-fast bacilli 
producing colonies recognized as typical of Myco. tuberculosis were observed. 
Of 179 specimens from which growth was obtained, 150 yielded cultures from 
portions treated by both methods. This high proportion of agreement is a 
funetion of the weight of the excessive number of specimens containing tubercle 
bacilli from patients under treatment in sanitaria. (Only 74 of 245 specimens 
failed to show acid-fast bacilli in stained preparations of the sediments used as 
inocula.) Divergent results were obtained with twenty-nine specimens (growth 
from acid-treated and not from phosphate-treated portions in twenty-one in- 
stances, and the reverse in eight instances). This difference was tested and 
shown to be not significant; that is, the difference does not indicate the superior- 
ity of either method for the treatment of sputum in preparation for culture. 
The distorted appearance of the organisms in smear preparations from the 
phosphate-treated sediments and young cultures is evidence that this treat- 
ment adversely affects the organisms. While these numbers are too small to 
yield statistically valid evidence, the combined observations suggest that the 
use of trisodium phosphate tends to reduce the number of viable organisms and 
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to affect adversely the surviving bacilli. A sample which included a larger 
number of sputum specimens containing few organisms would more adequately 
test the techniques. The experimental evidence presented suggests that the use 
of trisodium phosphate for the treatment of sputum in preparation for culture 
may adversely affect the growth of the bacilli. 

Dubos-Davis fluid medium and Petragnani solid medium were equally 
effective in the cultivation of Myco. tuberculosis from the specimen material 
tested in this study. The sample was so weighted in favor of positiveness that 
no statistically valid differences could be demonstrated. Acid-fast bacilli in 
sputa treated with trisodium phosphate appear to grow less readily on Petrag- 
nani medium than the same specimens treated with hydrochloric acid. Some 
of these trisodium phosphate-treated specimens grew in fluid medium and not 
on solid medium, which suggests that the fluid medium may be more satisfactory 
under these conditions. Because of technical difficulties in the preparation of 
Dubos-Davis fluid medium and in the preparation of stained smears from the 
growth of acid-fast bacilli in this medium, it would seem that there is little 
advantage in the wide-scale adoption of this medium in public health labora- 
tories. 


The technical assistance of Seiko Akahoshi, Mary Craig, Margeurite Jackson, and 
Joan James (senior students) is gratefully acknowledged. The collection and dispatch of 
specimen material used in this study by the bacteriologists in the laboratories of the State 
Department of Public Health and the State Sanitaria is also appreciated. The generous 
supply of experimenfal medium provided by Difco Laboratories, Detroit, Mich., is gratefully 
acknowledged. 
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BACTERIOPHAGE TYPING OF SALMONELLA TYPHI 
A Report or TypiInG IN MICHIGAN, 1947-1948 


N. D. HENperson, M.S., AND W. W. Frrcuson, Pu.D. 
LANSING, MicH. 


tne cape typing of Salmonella typhi* has had a fairly brief but 
spectacular career since the development of this procedure by Craigie and 
collaborators in 1938. Numerous workers in various parts of the world have 
given it trial and have attested to its value. Nevertheless, considering its import- 
ance to the epidemiologist and to the clinician who is interested in furthering 
publie health, the phage typing method has had only limited use. A _ recent 
canvass of public health laboratories in this country reveals that approximately 
seventeen institutions are employing the phage typing procedure today. 

The possibility of application of the Vi phages in the treatment of typhoid 
fever has not been overlooked by investigators. Knouff and associates’ have 
used type-specific phages intravenously in the treatment of fifty-six patients with 
typhoid fever. They report that within twenty-four to forty-eight hours after 
treatment was begun patients who had been comatose regained their appetite 
and became cheerful and alert. Desranleau? has made use of mixtures of the 
four Vi phages of Craigie and Yen® for intravenous therapy. 

The major use of Vi phage will undoubtedly continue to be in conjunction 
with the detection and identification of typhoid carriers. If the clinician who 
attends a sporadic case of typhoid fever, as well as the epidemiologist who in- 
vestigates an outbreak, were to request the typing of all new strains of S. typhi 
isolated from either cases or suspected carriers, the beneficial results would soon 
be evident to both the physician and the public health authorities. Should a new 
carrier be discovered for even a part of the sporadie cases that occur, the total 
elimination of the disease would be much hastened. For it is evident tiiat the 
known earrier who is excluded from food-handling occupations and who is aware 
of the possibility of infecting others is seldom a hazard. 

The initial discovery that led to typing was the finding by Craigie and 
Brandon‘ of certain strains of bacteriophages which would lyse typhoid bacteria 
bearing the Vi or so-called virulence antigen. Four Vi-specifie phages were 
isolated by Craigie and Yen,° one of which had the peculiar ability to adapt 
itself to certain strain differences of cultures of S. typhi containing Vi antigen. 
These strain differences were not demonstrable by any means other than Vi 
phage action. By adaptation and selective propagation of variants of this 
unusual phage, eleven type-specific phages were produced. These phages, when 
applied to numerous strains of typhoid bacteria isolated from a variety of cases 
and localities, demonstrated that the types of S. typhi were limited in number 
and were readily differentiated. 
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It was further observed that there was a notable agreement of the results 
obtained in the laboratory with epidemiologic data.6 For example, the recovery 
of the same phage type from a carrier and a group of connected cases was found 
to agree with the results of field investigations. On the other hand, the recovery 
of dissimilar types from a carrier and a group of related cases was found suffi- 
cient grounds for excluding the carrier from consideration as the source of the 
outbreak. In the large majority of such cases further investigation revealed 
the earrier responsible for the outbreak. 

Of first importance is the fact that phage types of S. typhi have, with only 
a few rare exceptions, been found to remain stable both in vivo and in vitro. 
Thus it is possible to determine the phage type of the typhoid organism which 
a carrier is excreting, with the expectation that the type will not change either 
in the original or in a new host. 

New phage types of S. typhi have been recognized since the original work 
of Craigie and Yen and today there are twenty-five known types. The typing 
technique, 1° however, is relatively unchanged from the method worked out 
in 1938. 

OBSERVATIONS 


Previous to 1948, the Michigan Department of Health investigated two out- 
breaks of typhoid fever in which bacteriophage typing contributed necessary 
evidence for indication of responsible carriers.* Because of these experiences 
in which the value of typing was clearly shown, the technique was instituted in 
our laboratories as a trial procedure in October, 1947. Over a period of one 
year the method of Craigie and Yen* was applied to 432 cultures of S. typhi 
which were isolated from 209 individuals, representing both eases of typhoid 
fever and carriers. 

Table I shows the various types identified during the period October, 1947, 
to October, 1948. Of the 432 cultures, we were able to type 341 (78.90 per cent), 


TABLE I. Vi PHAGE TYPES OF SALMONELLA TyPHI ISOLATED FROM CASES AND CARRIERS IN 
MICHIGAN—OCTOBER, 1947, TO OCTOBER, 1948 











CASES CARRIERS TOTAL 

IND.* | ISOL.+t IND. | ISOL. % ISOL. | % 
16 5 ye 17 : 33 15.80 63 14.60 

0 0 : 0.48 2 0.69 

: 7 2.87 12 2.78 
1.91 8 1.85 

10.50 44 10.20 
5.26 21 4.86 
3.35 10 9:32 
0.96 4 0.92 
0.96 2 0.46 
145 33.60 
s § 8 f Bale 25 5.79 
J 3 0 %y 96 3 0.69 
J 0 4 1 0.23 
Untypeable 4] 19 36 : 91 21.10 


— Total ss | 104 208 || 105 
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while 91 (21.10 per cent) proved to be untypeable. Our experience with untype- 
able strains is evidently the same as that of many other workers. Buckle,’ in 
his comprehensive review of typing all over the world, reports that 21.96 per 
cent of typhoid strains were found by various people to be untypeable. 

During the period covered by this report there were 83 reported cases of 
typhoid fever in Michigan, from which we received 208 cultures for typing. 
Positive typings were obtained on 167 (80.28 per cent). Cultures from typhoid 
carriers, for the same period, totaled 224, of which 174 (77.70 per cent) were 
typed. Among the 50 untypeable cultures isolated from carrier specimens were 
seven strains of a small colony variant of S. typhi which appeared to be similar 
to those described by Morris and co-workers.*: ® The various small colony strains 
were all isolated from repeat specimens from the same earrier and proved to be 
W in form. 

The distribution of types found in Michigan is comparable, for the most 
part, to that reported by authors in other parts of the world.’ Phage type F, 
predominated in our series, making up 33.60 per cent of the total cultures re- 
ceived. Included in the 145 type E, strains are cultures isolated from two out- 
breaks. 

In September, 1947, cases of typhoid fever were reported from a limited area 
on the outskirts of one of Michigan’s larger cities. ‘Investigation showed that 
a factor common to all patients was the drinking water which came from a 
neighbor’s well. Bacteriophage typing confirmed the fact that all cases were 
probably infected from a single source, since all cases yielded cultures which 
were phage type E,. It was discovered that the owner of the well had recently 
installed running water in his house and at the same time had provided a new 
bathroom and septie tank. The disposal field for the septic tank was located 
quite close to the well, and once the tank was in use, cases of typhoid fever 
began to appear in the neighborhood. 

Members of the family owning the well were not affected, probably because 
they. had discontinued use of the well water. Within a comparatively short time 
there were fourteen cases of typhoid. Specimens from the four members of the 
family were examined and two were found positive for S. typhi. It was soon 
proved that Grandmother S. was a typhoid earrier excreting phage type E, 
organisms and that her granddaughter was a probable contact carrier. The 
granddaughter, like her grandmother, exereted phage type E, organisms. 

The seeond type E, outbreak involved persons eating in a factory cafeteria. 
Epidemiologic evidence was again supported by phage typing. Specimens from 
seven patients contained cultures of S. typhi which were all phage type E,. 
Investigation of the food handlers revealed a typhoid earrier who was excreting 
phage type E,. The closing of the cafeteria resulted in the cessation of the 
outbreak. 

Other than these two epidemics, the remainder of the.208 case cultures were 
obtained from sporadie eases of typhoid fever. Bradley’? refers to these sporadie 
eases as ‘‘chinks in the complex armor of modern sanitation’’ and states further 
that ‘‘it is only by counting these sporadie eases which fail to initiate outbreaks 
that we have a true measure of the efficiency of our systems. ”’ 


742 HENDERSON AND FERGUSON 


It will be noted from Table I that 10 strains of phage type D,HP,, were 
identified. Phage D,HP.,, is the newest of typing phages and was prcduced by 
Craigie™ from cultures submitted by the Michigan Department of Health follow- 
ing an outbreak in Highland Park, Mich., in the summer of 1946. A detailed 
report of this outbreak is in preparation.’2 As far as we are aware, the isolation 
of D,HP,,, has not been reported elsewhere in the literature. 

Our typing experiences have included numerous opportunities to examine 
repeat cultures from several individuals. We have typed successfully thirteen 
cultures isolated from each of two individuals, and in one case we have received 
fifteen cultures of the same type from one person. With but one exception, 
repeat specimens have all yielded the original type. The exception was a carrier 
who was apparently excreting two phage types. A discussion of this earrier 
will be presented in a forthcoming paper.’? 

At the beginning of this study it was our intention to conduct a survey of 
the 266 known carriers in Michigan for the purpose of indicating the phage type, 
where possible, to the Bureau of Disease Control. The desirability of having all 
known carriers typed has been stressed by numerous workers in this field, among 
whom are Craigie'* and Morris and associates.1* Our original intention has been 
only partially fulfilled, chiefly because cultures have been submitted from only 
105 carriers. However, there is some doubt in our minds about the value of a 
complete typing on all carriers in Michigan, at least from the standpoint of 
epidemiologic control. It has been our experience that we have not received a 
culture from a case of typhoid fever who was infected by a carrier known to the 
Bureau of Disease Control. This fact was confirmed by the Director of the 
Bureau who stated that there have been only three eases of typhoid fever trace- 
able to known eurriers since the carrier control program was begun in 1932." 

Korns and Trussell'® state that at the time of their writing 465 known 
chronie carriers were listed in New York State. It is estimated that 2,500 ear- 
riers are included in New York’s population. It seems probable that a similar 
condition exists in Michigan. However, in the vast majority of cases, the carrier 
will be an unknown. In our limited experience the indications are that phage 
typing will be of value in this state, especially for inerimination of the true 
carrier in sporadic cases and outbreaks of typhoid fever. 


SUMMARY 


1. Bacteriophage typing has been applied to 432 cultures of S. typhi isolated 
in Michigan. Positive typings were obtained with 341 cultures representing 
thirteen different phage types. Among the 341 cultures were 167 from active 
eases of typhoid, while 174 cultures were typed from earriers. Eleven phage 
types were found among the case cultures and twelve were demonstrated from 
earrier cultures. 

2. Ten strains of the new phage type D,HP,,,, were identified. 

3. Two epidemics, in which phage typing was of value in arriving at a 
solution, are discussed. 
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4. Attention is drawn to the fact that there have been only three cases of 
typhoid fever in Michigan that were traced to known typhoid carriers since 1932. 
It is felt that the known typhoid earrier is seldom a public health menace. 
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FORMATION OF ANTIBODIES IN HUMAN SUBJECTS AFTER THE 
INGESTION OF HEAT-KILLED BRUCELLA ABORTUS 


ABRAHAM I. BrRAupDE, M.D., Davin GoLp, B.S., AND DorotHy ANDERSON, B.S. 
MINNEAPOLIS, MINN. 


HE agglutination test is widely used in the diagnosis of brucellosis. Re- 

sults must be interpreted cautiously, however, because agglutinins are known 
to appear in the sera of persons who do not have brucellosis. Those conditions 
other than active brucellosis in which serum agglutinins for Brucella may be 
present are shown in Table I. The maximum titers which have been observed 
are also listed. After therapy with streptomycin and sulfadiazine, there is a 
persistent elevation of titer for as long as a year following complete remission 
in some patients.1 These individuals have been checked carefully at the Uni- 
versity of Minnesota Hospitals for evidence of continued bacteremia as well 
as clinical signs of infection, and neither has been found. It is well known 
that the introduction of Brucella antigens into the tissues, either intradermally 
for diagnostic purposes or for therapeutic ends, stimulates the production of 
ageglutins.2 Similar inoculation with cholera antigens has the same effect ac- 
cording to the work of Eisele, McCullough, and Beal.? Other conditions in 
which cross agglutinins for Brucella occur are tularemia and typhoid fever.* In 
addition, it has been suggested that the titer of Brucella agglutinins may rise in 
response to an anamnestic reaction stimulated by another infection. Borts?® 
mentions a rise to 1:160 occurring in pneumococcic pneumonia. 

These examples probably account for only a small percentage of what might 
be called ‘‘false-positive reactions.’’ At the University of Minnesota Hospitals, 
Aagaard® has observed that Brucella agglutinins were present in 9.3 per cent 
of blood samples obtained from 352 consecutive rural patients who were being 
studied in a dispensary service for various causes. A diagnosis of brucellosis 
was established in only one of these patients. The present investigation was 
undertaken to determine whether the agglutinins demonstrated in the sera of 
these patients could have been produced by the repeated ingestion of pasteurized 
milk containing large numbers of nonviable Br. abortus. Dolman, Hudson, and 
Mathias’ studied the sera of healthy volunteers who drank suspensions contain- 
ing about 210 billion Br. abortus in divided doses over a period of six weeks. 
They found that no rise in serum agglutinins resulted and they concluded that 
it was unlikely that a titer of 1:20 or higher could be provoked in man by the 
ingestion of milk containing dead Brucella organisms. Only eight persons were 


included in their experiment. 


From the Division of Internal Medicine, University of Minnesota Hospitals and Medical 
School. 
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TABLE I, CONDITIONS OTHER THAN ACTIVE BRUCELLOSIS IN WHICH SERUM AGGLUTININS FOR 
BRUCELLA MAY BE PRESENT (TITER OF. AGGLUTININS) 








Following successful antibrucella therapy 1:2,560 
After injection of Brucella antigens for skin test or vaccine therapy 1:1,280 
After cholera vaccination 1:2,560 
Tularemia Low 
Typhoid fever 1:160 
Anamnestic reactions 1:160 





METHODS 


Br. abortus, strain 1257, obtained from the National Institute of Health, was used 
throughout this study. Cultures grown for forty-eight hours on tryptose phosphate agar 
were suspended in physiologic saline solution and were killed by heating at 65° for thirty 
minutes. The suspensions prepared in this manner were carefully checked for sterility, and 
phenol was added in a concentration of 0.5 per cent. Appropriate concentrations of bacteria 
were made by adjusting the density of the suspensions in a photoelectric colorimeter. The 
colorimeter had been standardized at a density of 1 million Brucella cells per milliliter by 
means of a suspension of living organisms whose colony count had been determined by the 
standard pour plate method. Guinea pigs were selected as the initial subjects because of 
the demonst ‘ation by Ratner and Gruehl’ that undigested antigens are absorbed through the 
normal gastrointestinal wall of these animals at all ages. Healthy guinea pigs which had 
been obtained from reliable sources and which weighed approximately 400 grams were used. 
Water was withheld from their diet during the experimental period, as it was found that 
animals which were not thirsty failed to swallow the Brucella suspensions. The aqueous 
suspensions were fed to guinea pigs by inserting the tip of a tuberculin syringe into their 
mouths and slowly injecting a measured volume. The animals were divided into two groups 
as shown in Table II. One group received a single feeding of 100 billion organisms. The 
other group received the same amount in ten divided feedings over a period of fifteen days. 
Blood was drawn for agglutination tests by cardiac puncture immediately preceding the period 
of feeding and also three and five weeks after this period was started. 


TABLE II. FAILURE TO INDUCE THE FORMATION OF AGGLUTININS IN GUINEA PIGS FED 
HEAT-KILLED BR. ABORTUS 








NUMBER OF NUMBER OF ORGANISMS NUMBER OF NUMBER DEVELOPING 
GUINEA PIGS PER FEEDING FEEDINGS AGGLUTININS 
9 100 billion 1 0 
8 10 billion 10 0 
Total 17 0 




















The effect of ingestion of these organisms was also studied in human volunteers. <A 
summary of the procedure which was used for feeding these persons is given in Table III. 
The first group was composed in part of medical students in apparent good health. The 
remainder were young men who had recovered from acute poliomyelitis and were hospitalized 
in a convalescent home. The general condition of these patients was excellent. The subjects 
in Groups 2 and 3 were hospital patients. The vast majority of these were hospitalized for 


TABLE III. MeEtHOopDS oF ADMINISTERING HEAT-KILLED BRUCELLA TO THREE GROUPS OF 
HUMAN SUBJECTS 
NUMBER NUMBER 
OF NUMBER OF OF LENGTII OF 
GROUP SUBJECTS ORGANISMS VEHICLE FEEDINGS FEEDING PERIOD 
1 23 100 billion Water 1 
2 36 100 billion -asteurized milk 10-20 10-30 days 
3 8 1 billion -asteurized milk 10-12 12-20 days 
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. plastic surgery or treatment of fractures. Organic disease of the gastrointestinal tract was 
demonstrated in only four of the sixty-seven individuals. Those in Group 1 received a single 
feeding of 100 billion Brucella in water. Preliminary studies were made with this large dose 
to determine whether there was any possibility of producing agglutinins by the ingestion of 
Brucella. 

In the case of Groups 2 and 3, an attempt was made to reproduce the naturally occur- 
ring circumstances in which heat-killed Brucella may be ingested in pasteurized milk. This 
was done by the addition of the Brucella suspension once a day to milk which the patients 
consumed in their regular hospital diet. This milk was furnished to the University Hospital 
by the University of Minnesota School of Dairy Husbandry where it is pasteurized and 
bottled. Samples were tested for whey agglutinins on several occasions and the titers obtained 
were found to range from 0 to 1:10. By far the greatest proportion of this pooled milk came 
from Brucella-free herds. The small percentage of milk coming from animals infected with 
brucellosis was so greatly diluted that the final pasteurized product which was ingested by 
the hospital patients can be considered free of all but negligible amounts of Brucella antigen 
or antibody. 

Members of Group 2 received 100 million organisms daily in this fashion for ten to 
twenty feedings during periods of ten to thirty days. The dose was reduced to a million 
organisms daily in Group 3 to determine whether a relatively small number of cells might be 
effective. Blood was collected when the feedings were commenced and two to three weeks 
thereafter. Agglutination tests were performed on each sample of blood by the standard 
tube method.* Brucella opsonocytophagic tests were performed on sixteen subjects by the 
method of Jersild.» These were interpreted on the basis of the Foshay nomogram.1° 


RESULTS 


Ageglutinins failed to appear in the sera of any of the seventeen guinea pigs 


(Table II). Agglutinin production occurred in human subjects, however, in 
each of the three categories (Table IV). Of the twenty-three subjects who were 
fed a massive number of heat-killed Brucella, four developed agglutinins. This 
indicated the feasibility of experimenting with smaller numbers, and it was 
found that after the repeated ingestion of 100 million cells, significant titers 
of agglutinins were detected in eleven of the thirty-six persons. When the total 
number was reduced to 1 million daily, one of eight additional patients showed 
a rise in titer. Of the entire total of sixty-seven individuals, agglutinins were 
produced in sixteen or 23.5 per cent. 

In Tables V, VI, and VII there is an analysis of the individual agglutinin 
responses. Surprisingly high titers developed in group 1. One individual in 
this group displayed a rise in titer from 0 to 1:640, two to 1:160, and one from 
1:20 to 1:80. The last-mentioned change was significant because there was not 
only a four-fold rise in titer but also a striking change in the phagocytie index 


TABLE ITV. AGGLUTININ FORMATION FOLLOWING THE INGESTION BY HUMAN SUBJECTS OF 
HEAT-KILLED BR. ABORTUS 














NUMBER OF 
NUMBER OF ORGANISMS PER NU MBER OF NUMBER DEVELOPING 
GROUP SUBJECTS FEEDING FEEDINGS AGGLUTININS 

1 23 100 billion 1 4 (17.0%) 

2 36 100 million 10-20 11 (30.5%) 

3 8 1 million 10-12 1 (12.5%) 


Total 67 7 16 (23.9%) 


























*The tube antigen was prepared by the Bureau of Animal Industry, Beltsville, Md. 
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TABLE V. SUBJECTS IN WHOM SERUM AGGLUTININS DEVELOPED AFTER A SINGLE ORAL 
ADMINISTRATION OF 100 BILLION HEAT-KILLED BRUCELLA ORGANISMS IN 
AQUEOUS SUSPENSION 
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GROUP 1 
SUBJECT SEX AGE INITIAL TITER TITER AFTER FEEDING 
: A.S. M 45 0 1:160 
4 Dyy. M 18 1:20 1:80 
BA. M 12 0 1:640 
4 D:O; M 26 0 1:160 








TABLE VI, 








SUBJECTS IN WHOM SERUM AGGLUTININS DEVELOPED AFTER DAILY FEEDINGS OF 
ONE HUNDRED MILLION HEAT-KILLED BRUCELLA CELLS 


















































; GROUP 2 

H SUBJECT SEX AGE INITIAL TITER TITER AFTER FEEDING 

i TA, F 61 0 1:40 

; BP. F 70 0 1:80 
B. L. M 88 0 1:40 
O. M. F 73 0 1:20 
Ops. F 58 0 1:20 
J.8. M 66 0 1:160 
AO, EL M 62 0 1:40 
ON, F 54 0 1:40 
N. L. M 61 0 1:40 
Jk. M 48 0 1:20 
F. W. M 60 0 1:160 


















TABLE VII. 


AGGLUTININ FORMATION FOLLOWING THE DAILY INGESTION OF ONE MILLION 
HEAT-KILLED BR. ABORTUS 














































































GROUP 3 NUMBER OF INITIAL TITER AFTER 
SUBJECT SEX AGE FEEDINGS TITER FEEDING 
A. T. M 41 10 160 80 
S.P. F * £0 10 0 0 
: E.B F 29 10 0 0 
C.R M 59 10 0 0 
H 0.8 M 68 10 0 0 
{ L.N M 58 12 80 +40 
! A.O M 49 10 0 0 
i B.8 M 56 12 0 40 





























TABLE VIII. 





PHAGOCYTIC INDICES BEFORE AND AFTER THE INGESTION OF HEAT-KILLED 
BR. ABORTUS IN SUBJECTS WHOSE SERA DISPLAYED A RISE IN AGGLUTININ TITER 










































| INITIAL INITIAL PHAGOCYTIC 
| AGGLUTININ AGGLUTININ TITER PHAGOCYTIC INDEX AFTER 
F SUBJECT TITER AFTER FEEDING INDEX FEEDING 
i= 3 0 160 2 92 
B.A. 0 640 3 100 
D. O. 0 160 4 92 
D. Y. 20 80 2 98 
F. W. 0 160 1 11 
LA, 0 40 7 1 
E.P. 0 80 5 8 
B.L. 0 40 27 16 
O. M. 0 20 5 5 
0.1. 0 20 9 7 
at 0 160 5 91 
C. H. 0 40 7 7 
O.N, 0 40 7 19 
N.L: 0 40 4 6 
J.P. 0 20 2 2 
B.S. 0 40 2 4 
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(Subject D. Y., Table VIII). The titers developed by the next group (Group 2) 
were lower and ranged from 1:20 to 1:160. In Group 3, the single elevation 
which occurred was to 1:40. 

The sera of the sixteen subjects in whom agglutinins for Brucella had ap- 
peared were also tested for opsonins before and after the ingestion of Brucella. 
In seven of these there were increases ranging from 10 to 90 over the initial 
phagocytic index (Table VIII). 

Finally, the ability of dead Brucella to sensitize the skin was investigated 
in eighteen persons who ingested 100 million organisms daily for ten to twenty 
feedings. Sixteen of the eighteen had negative skin tests with Brucellergen anti- 
gen after the feedings were discontinued. Two persons having positive tests 
at the beginning of the experiment showed no alteration in skin sensitivity as a 
result of the feedings. 


DISCUSSION 


These results demonstrate that the ingestion of nonviable Brucella may 
give rise to the production of agglutinins or opsonins. This may help explain 
the occurrence of agglutinins in the blood of some asymptomatic persons who 
inhabit areas where Bang’s disease is prevalent in cattle. Under naturally 
occurring circumstances, dead Brucella may be ingested in pasteurized milk or 
may result from the action of gastric juice on living organisms which enter the 
stomach in raw milk. Studies now in progress in this laboratory have demon- 
strated a definite bactericidal action of human gastric juice against Brucella. 

This study also suggests that the development of dermal hypersensitivity 
does not accompany the production of agglutinins after the ingestion of dead 
Brucella. Most individuals whose sera contain Brucella agglutinins also display 
dermal hypersensitivity to Brucella antigens. In the survey made by Aagaard,°® 
the incidence of negative intradermal reactions was only 4 per cent in such 
persons. In a group of sixty-five subjects giving positive agglutination tests, 
Braude? found only four (6 per cent) who did not react to any one of four 
Brucella antigens applied intradermally. Persons who might acquire agglutinins 
in their sera by the ingestion of pasteurized milk containing large numbers 
of heat-killed Brucella would, therefore, be expected to comprise a relatively 
small pereentage of all those having positive agglutination tests. 

Several factors may account for the negative intradermal reactions which 
were observed in subjects who were examined for hypersensitivity after ingest- 
ing heat-killed Brucella. The quantity of Brucellergen employed in each test 
was the usual dose of .01 milligram. This amount may be inadequate for elicit- 
ing positive reactions in the presence of a small degree of hypersensitivity. Ex- 
posure of the organism to both heat and gastric juice may remove the antigenic 
components which are responsible for inducing hypersensitivity. It has been 
reported that dead Brucella may induce hypersensitivity when injected into the 
tissues of experimental animals. Leon and Sosa" observed that positive intra- 
dermal reactions to Brucella antigens were obtained in rabbits after the repeated 
injection of dead Brucella. Similar results have been noted in this laboratory 
in studies made in guinea pigs, although the reactions were of much weaker 
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intensity than those occurring in animals infected with Br. abortus. On the 
other hand, Fleischner and Meyer’? were able to stimulate the production of 
agglutinins in the sera of guinea pigs but could not sensitize their skins by the 
repeated injection of millions of heat-killed Brucella. Stroem* failed to pro- 
duce sensitivity in guinea pigs when heat-killed Brucella were introduced with 
an adjuvant (kieselguhr). These discrepancies in the reports of various authors 
may be the result of differences in the strains and quantities of Brucella which 
were used in the respective experiments. In the present investigation, observa- 
tions were limited to the effects of only one strain. It will be necessary to repeat 
these studies in human subjects with a number of strains administered over a 
longer period of time. 

It is presumed that the production of agglutinins in this study was related 
to the passage of Brucella antigen from the intestine into the blood. Such an 
absorption of undigested antigens by the intestinal mucosa has been demon- 
strated by several investigators. By means of the Prausnitz-Kiistner reaction, 
the absorption of undigested fish and egg proteins in human beings has been 
noted by Walzer™ and Ratner and Gruehl.’ They have also shown that guinea 
pigs may be sensitized and later killed by anaphylactic shock if they are fed 
cows’ milk on successive occasions. Hektoen, using the precipitin test, de- 
tected the presence of thyroglobulin in the portal blood of dogs which were fed 
beef thyroid. The results which we obtained by feeding dead Brucella organ- 
isms may be regarded as additional evidence of the permeability of the intestinal 
mucosa to proteins. There is also a possibility that the whole Brucella cell 
can permeate the intact mucosa. Arnold’® has found that typhoid and coliform 
bacilli entered the thoracic duct and reached the liver in large numbers after 
these bacilli were placed in the duodenum of dogs. 

It is difficult to explain why agglutinins failed to appear in the sera of 
guinea pigs after they were fed massive doses of heat-killed Brucella. One of 
us (A. B.) has observed in other experiments that agglutinins can be produced 
in guinea pigs by the injection of heat-killed Br. abortus into their skins. The 
titers which were produced in the sera of these animals were somewhat less than 
might be expected. Animals which were injected with a total of one billion 
to ten billion organisms over a period of eight to twelve weeks developed agglu- 
tinin titers in their sera which seldom exceeded 1:160 and often measured only 
1:40 or 1:80. It appears, therefore, that agglutinins may not be produced 
readily in guinea pigs by the administration of dead Brucella and that oral 
doses even more massive than we employed may be necessary for the production 
of agglutinins in these animals. 


SUMMARY 


1. Heat-killed Brucella cells were suspended in water or in milk and fed to 
sixty-seven human volunteers. In sixteen, or 23.9 per cent of the individuals, 
agglutinins appeared in the sera after the period of feeding. 


2..Dermal hypersensitivity to Brucella antigen was not induced by the 
ingestion of nonviable Brucella. 
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LABORATORY AND CLINICAL OBSERVATIONS ON AEROSPORIN 
(POLYMYXIN B) 


ERNEST JAWETZ, M.D., PH.D., AND VIRGINIA R. CoLEMAN; A.B. 
SAN FRANcIScO, CALIF. 


N ANTIBIOTIC substance with remarkable activity against gram-negative 
bacteria was reported recently by Brownlee and Bushby.’ This sub- 
stance, Aerosporin (Polymyxin A), is a polypeptide produced by: the soil 
organism Bacillus aerosporus Greer.2 The bacillus was found to be identical 
with Bacillus polymyxa (Prazmowski) Migula* from which Stansly and co- 
workers‘ had derived another antibiotic substance Polymyxin (Polymyxin D). 
Further study indicated*® that B. polymyxa produced a number of peptides with 
similar antibiotic properties but differing from each other in their amino acid 
content and their toxicity for animals. 

One of the polypeptides (Polymyxin D), extensively investigated in the 
laboratory by Stansly and associates,*® was given an early clinical trial by 
the group at the Johns Hopkins Hospital.*!!| Polymyxin D was very active 
against many gram-negative bacteria both in vitro and in animals; its tox- 
icity for animals was relatively low, and it appeared to be clinically useful. 
However, definite evidence of renal toxicity was soon discovered and clinical 
use of the drug was abandoned.” 

Another peptide produced by B. polymyxa, Aerosporin (Polymyxin A), 
was shown to be five to fifty times more active by weight against certain gram- 
negative bacteria than streptomyein.! Its antibacterial spectrum resembled that 
of Polymyxin D. It was claimed to be bactericidal rather than bacteriostatic 
and susceptible organisms did not readily develop resistance to its action. 
It did not contain the amino acid, d-serine, believed to be nephrotoxic. Clinical 
trials'® of Polymyxin A indicated good response in children with whooping 
cough and in other infections with gram-negative bacteria. 

These reports suggested a trial of this group of drugs in infection of the 
urinary tract, caused by gram-negative organisms, in which the effect of the 
antibiotic could be studied quantitatively by bacteriologie methods. Observa- 
tions made in the laboratory and on patients in the course of these trials are 
reported here. 

MATERIALS AND METHODS 


The drug preparation used was Aerosporin Brand Polymyxin B (TIlydro- 
chloride) N.D. No. 110,* hereafter referred to as Polymyxin B. It was supplied 


et ‘es the Departments of Bacteriology and Pediatrics, University of California Medical 
School. 
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in vials each of which contained 60 mg. of white amorphous material equiva- 
‘lent to 40 mg. of Polymyxin B. Solutions of desired strength were prepared 
by dissolving the contents of a vial in unbuffered 0.85 per cent sodium chlo- 
ride solution. At the beginning of this investigation a random sample of 
Polymyxin B was diluted to a concentration of 200 ng per milliliter, frozen, 
and stored in ampules at —70 C. This sample was used as standard of ref- 
erence in all laboratory tests. 

Bacteria isolated from the urine of patients with infection of the urinary 
tract were grown in Proteose-peptone broth (Difeo) for eighteen hours at 
37° C. and the density of the culture was then adjusted with broth to that 
of the McFarland tube No. 2. For the determination of bacterial sensitivity, 
0.2 ml. of a 10% dilution of such a culture was used in a tube dilution pro- 
cedure slightly modified from Brownlee and Bushby.* > The tubes were uni- 
formly ineubated at 37° C. and read after eighteen hours. A standard or- 
ganism (Escherichia coli) of known and constant susceptibility to Polymyxin 
B was included in each test. 

Serum levels of Polymyxin B were estimated by a method® similar to that 
used for determination of penicillin in blood serum.’4 The frozen stock of 
Polymyxin B served as standard of reference. 


EXPERIMENTAL 


1. Physical Characteristics of the Drug.—The contents of vials dissolved 
rapidly and completely in water or physiologic salt solution, forming a clear, 
colorless solution of pH 7.2 to 7.4. Sixty milligrams dissolved readily in 2 
ml. of solvent. The stability of such solutions was remarkable. At —70° C., in 
solutions containing 200 pg per milliliter, there was no loss of activity over a 
period of five months. Activity was evaluated both against organisms of 
known and stable sensitivity and against freshly prepared solutions. Al- 
though very dilute solutions deteriorated slowly at room temperature, in con- 
centrations of 4 mg. of Polymyxin B per milliliter antibacterial activity was 
not significantly diminished after sixty-two days at either 4° C. or 37° C. The 
dry preparation was stable for at least five months at 22° C. 

Changes in hydrogen ion concentration did not greatly influence the anti- 
bacterial effect of the drug. Polymyxin B had the same effect on the standard 
strain of Esch. coli when tested in buffered broth at pH 4.2, 5.0, 7.0, er 7.4 and 
was only slightly less inhibitory at pH 9.2. 


2. Sensitivity to Polymyxin B of Bacteria Isolated From the Urine.— 


Strains of bacteria freshly isolated from the urine of patients were examined 
for their sensitivity to Polymyxin B in vitro. Table I indicates the range of 


organisms isolated and their relative sensitivities. The activity of Polymyxin 
3 against bacteria encountered frequently in urinary tract infections agrees 
well with that observed for Polymyxin D.” Early clinical experience indicated 
that organisms with a sensitivity of 1.0 ng per milliliter or more in vitro uni- 
formly failed to respond to therapy with Polymyxin B. Determinations of 
sensitivity were consequently limited to a range 0.04 to 1 wg per milliliter. 
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TABLE I. IN VITRO SENSITIVITY TO POLYMYXIN B OF BACTERIA ISOLATED FROM 
URINARY TRACT INFECTIONS 








NUMBER NUMBER OF STRAINS INHIBITED BY 
NOT IN- 


POLYMYXIN B 
NUMBER | HIBITED 
OF BY UG/ML. 
BACTERIAL SPECIES STRAINS |1uG/ML. 0.2 | 
Escherichia coli 22 0 15 
Aerobacter aerogenes 16 0 2 
Pseudomonas aerugin- 18 4 1 
osa 
Proteus vulgaris 
Streptococcus faecalis 
Shigella sp. 
Salmonella sp. 
Paracolon bacilli 
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All strains of Esch. coli, Salmonella, and paracolon bacilli which were examined 
were inhibited by 0.4 yg per milliliter or less. Aerobacter aerogenes strains 
tended to be less susceptible, and Proteus vulgaris and Pseudomonas aeruginosa 
were still more resistant. This scale of susceptibility resembles that commonly 
experienced with streptomycin and aureomyein.’® . 

The action of Polymyxin B appeared to be bactericidal rather than bac- 
teriostatic. The end point in a tube dilution series was usually not changed 
when the test was incubated for seven days at 37° C. after the first observa- 
tion. There was no growth in subeultures made on solid or in liquid media 
from the last tube in which no growth occurred. The growth of resistant 
strains in the presence of Polymyxin B did not destroy it. These organisms, 
grown in broth containing the drug, were centrifuged out and the super- 
natant fluid was tested for antibiotic activity with the standard strain of Esch. 
coli. Its aetivity was unchanged. 

3. Bacterial Resistance to Polymyxin B.—An effort was made to induce 
resistance to Polymyxin B in vitro with four susceptible bacterial strains. 
Daily transfers were made in broth containing increasing amounts of the anti- 
biotic. The increase in resistance in these four random gram-negative organisms 
is shown in Fig. 1. The strain of A. aerogenes was originally inhibited by 0.2 
peg per milliliter and after a regular step-wise increase in resistance in the course 
of thirteen transfers it grew freely in 1,000 ng per milliliter. <A strain of Ps. 
aeruginosa showed a similar but less regular change in susceptibility. One 
strain each of Esch. coli and Salmonella choleraesuis changed but little in two 
weeks of daily transfers in broth containing Polymyxin B. Not only did these 
organisms fail to increase in resistance, but also, repeatedly, no growth was 
obtained when subcultures were made from tubes in which there was visible 
turbidity, perhaps indicating that the drug was slowly killing the organism. 

Strains that aequired resistance to Polymyxin B kept this characteristic 
when subeultured daily for fourteen days in plain broth. No bacteria de- 
pendent on Aerosporin (Polymyxin B) for growth have been observed to date. 

The occurrence of naturally resistant individuals in bacterial populations 
was tested by means of massive inocula on solid media. When Polymyxin B 
was added to Proteose-peptone agar (Difco), tests made with small inocula 
of bacteria indicated sensitivities comparable with those found by the tube 
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‘dilution method. However, when large inocula (10° bacteria) were streaked 
on such agar plates, significant numbers of relatively resistant organisms could 
be selected from the bacterial population. The results shown in Table II 
indicate some correlation between the frequency with which resistant or- 


ganisms occur in a strain and the index of sensitivity of the culture as 


THE DEVELOPMENT OF RESISTANCE TO POLYMYXIN B IN BACTERIAL 
CULTURES EXPOSED TO INCREASING CONCENTRATIONS OF THE DRUG IN VITRO 
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measured with small inocula in broth. They likewise suggest that the develop- 
ment of resistance in a strain may be related to the frequency of resistant 
cells in the original strain. 


oN MERI PRG SEDAN MES RECA AERA AAT INN EDS S STII 


TABLE II. THE PRESENCE OF POLYMYXIN B-RESISTANT BACTERIA IN ‘‘ POLYMYXIN 


B-SENSITIVE’’ STRAINS 








GROWTH ON AGAR PLATES CONTAINING 
a POLYMYXIN Bt 
IN BROTH BY MG/ML. 
STRAIN (uG/MI.. ) 0.1 1.0 | 
Esch. coli No. 1 0.2 
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+++ ++ lt 





Esch. coli No. 2 
Esch. coli No. 3 

A. aerogenes No. 1] 
A, aerogenes No, 2 
A. aerogenes No. 3|| 
Ps. aeruginosa No, 1 
Ps, aeruginosa No, 2 


, 30 to 50 colonies per segment; 
estimated. 


300 colonies per segment, 


0.2 
0.05 
0.2 
1.0 
100.0 
0.4 
0.2 


50 to 300 colonies per 
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H+ 8 
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14 
25 
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*Inoculum in broth test about 104 bacteria. 
+Inoculum in plate test about 10° bacteria. 
tNumber of colonies, if less than 30, counted. 
||A strain with induced resistance, after serial transfer in aerosporin-containing medium. 
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An effort also was made to find out whether exposure of bacterial popu- 
lations to Polymyxin B for three to five days in vivo might induce resistance. 
In a number of patients the sensitivity of strains recovered prior to treatment 
could be compared with that of similar organisms cultured from the urine 
after therapy. No increase in resistance was observed, regardless either of the 
clinical course or of the response to the drug. 


SERUM LEVELS OF POLYMYXIN B 


In individuals with normal In 2 individuals with non - 
nonprotein nitrogen. protein nitrogen of 60-70mgs./ 
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Fig; 2. 


4. Serum Levels of Polymyxin B in Patients With Urinary Tract Infec- 
tion.—For intramuscular administration, solutions of Polymyxin B were pre- 
pared by adding 2 ml. of saline and 1 ml. of procaine, 1 per cent, to the dry 
amorphous material equivalent to 40 mg. of pure drug. Without the local 
anesthetic the injection was painful and tenderness persisted for some hours. 


‘ Ordinarily 20 mg. of drug were injected in a volume of 1.5 ml. for each dose. 


In a few instances 40 mg. were administered for from one to four doses. In- 
jections were given every four to eight hours. 

Early observations indicated accumulation of the drug, administered with 
procaine every four to eight hours. Consequently, levels in serum were es- 
timated usually after multiple doses. Fig. 2 shows the levels in four patients 
in whom there was no evidence of nitrogen retention from one to six hours 
after the fourth dose of 20 mg. Polymyxin B administered every four hours. 
In individuals with impaired renal function and retention of nitrogenous waste 
products there was an increased accumulation of the drug (Fig. 2). In such 
patients serum levels of 2 to 5 wg per milliliter usually could be maintained by 
the injection of 20 mg. Polymyxin B every eight hours, and measurable levels 
of the drug could be detected eighteen to twenty-four hours after the last of 
eight to twelve injections. 
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In two patients, four hours after a single injection of 40 mg., the serum 
concentration of Polymyxin B was 13 to 20 yg. per milliliter. After four such 
injections (with procaine), the serum levels were, respectively, 30 and 20 yg 
at two hours, 5 and 8 pg at seven hours, and 3 and 6 png at twelve hours after 
the fourth injection. There were toxic symptoms in both patients during 
this period. 

Measurement of the drug in the urine was not satisfactory. Filtration 
through Seitz pads removed a considerable portion of Polymyxin B, and in 
boiled urine the drug levels were very irregular. 

5. Therapeutic Results in Patients With Urinary Tract Infection.—Ten 
patients with acute or subacute exacerbations of chronic urinary tract infee- 
tions were treated. They had little or no obstructive uropathy, and all had 
failed to respond to therapy with sulfonamides and streptomycin. The in- 
fecting agents were uniformly resistant to streptomycin in vitro. Before, 
during, and after treatment, a complete blood count, urinalysis, phenolsul- 
fonphthalein test, and determination of nonprotein nitrogen in the blood were 
obtained for every patient. The subjects were hospitalized and closely ob- 
served clinically, and quantitative bacteriologic studies were carried out on 
the catheterized urine every two days during therapy and at frequent inter- 
vals thereafter.* Most patients were afebrile. . 

Polymyxin was injected intramuscularly in amounts of 20 mg. every four 
to eight hours for three or foyr days. By frequent determinations, an effort 
was made to keep serum levels between 2 and 10 wg per milliliter. Some of 
the data obtained in these patients are shown in Table IIT. When the infecting 
organism was inhibited in vitro by 0.4 ug per milliliter, the short course of 
therapy with Polymyxin B led to negative urine cultures for one to three 
weeks. Bacteriologic relapses occurred, usually within one month, even when 
the patients remained symptomatically well. A detailed example of this 
temporary response to therapy is shown in Table IV. 

6. Toxicity — After intramuscular injection of Polymyxin B (13 mg. per 
milliliter), most subjects experienced local pain with persistent tenderness 
severe enough to warrant the addition of a local anesthetic for routine ad- 
ministration of the drug. With procaine the injections were well tolerated. 

In spite of careful search, no evidence of renal damage could be detected 
with the short course (three to four days) of Polymyxin B used in this study. 
There was no hematuria or proteinuria and there were no changes in the sedi- 
ment or nitrogen retention during or after therapy. The proteinuria of pa- 
tients with chronie pyelonephritis was not aggravated by the drug. This is 
in contrast with the experience of others'® who found proteinuria and 
hematuria at least transiently when the drug was given for more than seven 
days. 

One of the patients developed a drug fever on the third day of treatment. 
It promptly subsided when the injections were stopped, but recurred when 

*We wish to thank Dr. Frank Hinman, Dr. Frank Hinman, Jr., Dr. Frederick S. Howard, 


Dr. John W. Schulte and others, and the members of the resident staff of the University of Cali- 
fornia Hospital and Franklin Hospital, for permission to study their patients. 
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- TABLE IV. TREATMENT OF A PATIENT WITH URINARY TRACT INFECTION WITH POLYMYXIN B: 
RELATION OF DRUG TO CLINICAL AND LABORATORY FINDINGS 


(A 73-YEAR-OLD MAN WHO HAD A NEPHRECTOMY TEN YEARS BEFORE, NOW HAS PYELONEPHRITIS 
[CHRONIC] IN THE REMAINING KIDNEY) 








DAY 2 3 q 5 6 
Polymyxin B 120 80 120 80 0 
Dose (mg./day) 
Average serum levels 1-3 2-5 | 4-10 | 4-10 | 1-4 
(“2/ml. ) 
Toxic symptoms 
Paresthesias 0 
‘Dizziness’? 0 
Ataxia 0 
Blood examinations 
Hemoglobin (Gm.%) 15.0 Doe 14.8 
White blood cells/e.mm. | 6,000 9,500 
Polymorphonuclears 65 (i 
(%) 
Eosinophiles (%) 1 
Blood urea (mg.% ) 72 
Urea nitrogen (mg.%) 21 














Urine examinations 
White cells/high dry 4 + +4 5-10 | 2-3 
field 
Red cells/high dry field Rare | Rare 0 Oceasional 
Bacteria/high dry field t+44 + Rare | Rare 44+ 
Protein (mg.%) : 63 44 
Urine culture (Bacteria/ 
ml.) 
Esch. coli 80,000 1,000 0 0 0 20,000 
Proteus sp. 3 1,000 100 10 10 50 500 



































they were resumed. No effect was observed on the red or white cell count 
in the ten patients. 

The most marked undesirable effect of Polymyxin B was on the central 
nervous system. Within forty-eight hours of inception of treatment, the ma- 
jority of patients experienced cireumoral paresthesias and ‘‘dizziness’’ with- 
out nausea, anorexia, or true vertigo. There was commonly mild ataxia and 
occasionally the feeling of weakness of the legs without objective evidence of 
diminished muscular strength. These symptoms lasted while the drug was 
administered and subsided in all patients in thirty-six to forty-eight hours 
after it was discontinued. No residual disturbances were observed in any 
patient. 

With doses larger than those routinely used, more drastic effects on the 
central nervous system were observed. Two persons received 160 mg. of 
Polymyxin B intramuscularly in twelve hours (i.e., 2.5 mg. per kilogram per 
twelve hours). They experienced peripheral as well as cireumoral pares- 
thesias, severe incoordination, with dysarthria, dyssynergia, dysmetria, ataxia, 
a positive Romberg sign and marked past pointing. The reflexes were within 
physiologic limits. There was no true vertigo, only ‘‘lightheadedness,’’ no 
tinnitus or impaired hearing, and the appetite was unimpaired. These symp- 
toms and signs persisted for thirty-six hours while the serum concentration 
of the drug was in excess of 10 pg per milliliter; they then gradually sub- 
sided and left no sequelae. 
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DISCUSSION 


The known antibiotic substances derived from B. polymyxa share a specific 
and powerful antibacterial action against gram-negative bacteria. These pep- 
tides are bactericidal rather than bacteriostatic in vitro for susceptible bac- 
teria. Resistant bacterial variants emerge infrequently. All these charac- 
teristics would make this group of compounds desirable in the treatment of 
infections with gram-negative organisms were it not for significant toxie side 
effects. 

Among organisms encountered in urinary tract infections, susceptibility 
to Polymyxin B was uniformly high among strains of Esch. coli, and only 
slightly less with A. aerogenes. Many strains of Pseudomonas and Proteus on 
the other hand were fairly resistant. This parallels the experience with other 
antibiotics, especially streptomycin and to a lesser extent aureomycin.’® In 
some strains, resistance to Polymyxin B was induced in vitro with ease. The 
change did not appear to be related to the original sensitivity to the drug in 
the four strains tested. Studies based on large inocula suggested that the pro- 
portion of resistant organisms in a given bacterial population was small. Re- 
sistant variants did not develop in patients during a short course of treat- 
ment with Polymyxin B. | 

The natural history of chronie infection of the urinary tract does not sup- 
port the idea that a short course of any antibacterial agent could ‘‘eure’’ the 
disease. Bacteria within the inflamed renal parenchyma and the proliferating 
fibrous tissue are shielded effectively from the immediate action of drugs. 
Prolonged therapy at best would be necessary to eradicate the infective or- 
ganisms. In the present study no such attempt was made. Treatment with 
300 to 500 mg. of Aerosporin administered in three to four days resulted in a 
striking reduction of the bacterial content of the urine for one to three weeks 
in six of ten patients. Symptomatic improvement was satisfactory and usu- 
ally lasted longer than the bacteriologie remission. Failure to respond was 
associated with relative resistance of the infecting organisms or with multiple 
infection. Within its scope, the therapy may be said to have been successful. 
Whether prolonged treatment might yield more encouraging results cannot 
be predicted. 

Trials of prolonged therapy were made inadvisable by toxic effects from 
the Polymyxin B used. The most dramatic were the neurological symptoms 
and signs which appeared in a majority of patients. Although these dis- 
turbanees disappeared promptly after therapy was discontinued and did net 
leave any residual changes, patients were uncomfortable and apprehensive, 
some refused further treatment. No renal toxicity or untoward effects on 
the hematopoietic system were noted with the short course of therapy used 
in this study. 

The deseribed side effects of Polymyxin B preclude the clinical use of 
the preparations presently available. The antibacterial features of the drug 
are so attractive, however, that it must be hoped that the toxie properties 
ean be eliminated in the future and the agent made available for further elin- 
ical investigation. 
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SUMMARY 


1. Aerosporin brand Polymyxin B is a stable peptide derived from B. 
polymyxa with marked antibacterial action against many gram-negative or- 
ganisms. Among bacteria commonly isolated from urinary tract infections, 
Esch. coli and A. aerogenes were inhibited in vitro by less than 1 pg per milli- 
liter, while many strains of Proteus and Pseudomonas were more resistant. 

2. Resistance could be induced in susceptible bacterial strains only with 
difficulty. The action of the antibiotic in vitro appeared to be bactericidal 
rather than bacteriostatic. 

3. Multiple intramuscular injections of the drug resulted in cumulative 
serum levels. The serum levels were greatly increased in the presence of ele- 
rated nonprotein nitrogen of the blood. 

4. In patients with chronic urinary tract infection, Polymyxin B admin- 
istered for three to four days eliminated susceptible bacteria from the urine 
and controlled symptoms. The short course of treatment, however, was fol- 
lowed by a bacteriologic relapse within one to three weeks in all eases. 

5. Prolonged therapy with the drug was not feasible because of toxic 
symptoms affecting particularly the nervous system. In its present form, 
Polymyxin B is therefore not suitable for general clinical application. 
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THE COAGULATION DEFECT IN THROMBOCYTOPENIC 
PURPURA 


ARMAND J. Quick, M.D., Pu.D., JAcop N. SHANBERGE, M.D.,* AND 
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HE normal coagulation time observed in thrombocytopenic purpura has 

always puzzled students of coagulation and has led many to conclude that 
coagulation is not disturbed in this disease. Recently evidence has accumulated 
to show that the coagulation time may not always be a reliable measure of true 
coagulability.!. In fact, it has long been recognized that in hypoprothrombin- 
emia, the coagulation time is much too insensitive to serve as a guide for esti- 
mating the severity of prothrombin deficiency. As a result of the development 
of the prothrombin time determination, rapid progress, both clinical and 
theoretical, ensued in the group of diseases in which a deficiency of prothrombin 
occurs. The lack of a test comparable to the prothrombin time procedure to 
measure quantitatively the factors responsible for the activation of prothrombin : 
has hampered and retarded progress in the study of such diseases as hemophilia 
and thrombocytopenic purpura. With the development of the prothrombin 
consumption time (serum prothrombin time) a new approach is offered for the 
study of the hemorrhagic diseases due to coagulation defects which are not in 
the prothrombin complex, i.e., diseases in which the prothrombin time is normal. 
With this test Quick? demonstrated that the prothrombin consumption was é 
markedly delayed and incomplete in hemophilia and likewise in plasma from 
which most of the platelets were removed. These findings were subsequently 
; verified by Soulier.* Earlier Brinkhous* had noted the incomplete conversion 4 
of prothrombin in clotted hemophilie blood, which he attributed to a slow con- 

version rate of the prothrombin. 

Clot retraction which is characteristically absent in severe thrombocyto- 
penie purpura should no doubt be considered as a coagulation defect although 
it is difficult to find in the literature specific statements to support such a view. 
While it is recognized that clot retraction is dependent upon intact platelets, 
a quantitative correlation between the number of platelets and the speed and 
degree of clot retraction was difficult to make until the introduction of silicone 
(Dri-film) which made it possible to secure and keep native plasma with a 
minimum amount of platelet lysis. Whole blood is far less satisfactory for 

studying clot retraction since variations in cell volume markedly influence the 
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speed and extent of the process. In this paper an attempt is made to correlate 
prothrombin consumption with the quantitative estimation of clot retraction and 
to apply these findings to clinical thrombocytopenic purpura. 


METHODS 


Collection of Blood.—A silicone-coated needle and syringe cooled by immersion in an 
ice bath were employed. Blood was obtained by venipuncture. Precautions were taken to 
avoid trauma, and if the needle was not inserted directly into the lumen of the vein, a second 
puncture with a new needle was made. The blood was immediately transferred to a small 
silicone-coated test tube kept in an ice bath. The blood was centrifuged at 800 r.p.m. for ten 
minutes. 

Platelet Count.—A direct count of the platelets in both whole blood and plasma was 
made, The diluting fluid was 3.8 per cent freshly filtered sodium citrate containing 0.2 ¢.c. 
formaldehyde (40 per cent) per 100 cubic centimeters. 

Clot Retraction—Two cubie centimeters of native plasma were transferred to a small 
test tube (13 by 100 mm.). The tube was placed in a water bath kept at 37144° C. and 
inspected every sixty seconds for the beginning of clot retraction which appears first along 
the sides and bottom of the test tube. 

Bleeding Time.—The Duke method was used. A 2 mm. cut was made with a spring 
lancet in the lobe of the ear. 

Prothrombin Consumption Time.—Two cubie centimeters of blood or native plasma 
were transferred to a test tube (13 by 100 mm.) which was placed in a water bath at 
37%° C. At the end of sixty minutes the tube was centrifuged. To a mixture of 0.1 c.c. of 
calcium phosphate-treated plasma (which serves as the supply of fibrinogen), 0.1 ec. of 
Quick’s thromboplastin, and 0.1 e.c. of 0.02M calcium chloride, 0.1 ¢.c. of the serum was 
quickly added and the clotting time accurately determined. In this method it is essential 
to add the serum last, since the conversion of prothrombin begins immediately on mixing 
serum with thromboplastin and caleium. The preparation of deprothrombinized plasma with 
tricalcium phosphate, to serve as a source of fibriongen and the labile factor, has been 
described previously.5 


RESULTS AND COMMENTS 


A study aimed at correlating the platelet count, clot retraction, and pro- 
thrombin consumption time of blood obtained from twenty normal adults is 
summarized in Table I. It immediately becomes apparent that the platelet 
count of native plasma may be very different from that of whole blood. If the 
red cells are allowed to sediment or if the blood is subjected to slow speed 
centrifugation, the platelet count is apt to be more than double that of whole 
blood. This is no doubt due to the fact that the platelets are relatively very 
light, and therefore as the erythrocytes settle, they are forced into the super- 
natant plasma. At a higher rate of centrifugation, the platelets are removed, 
but at 800 r.p.m. these cells usually remain suspended. Since the removal of 
platelets from plasma is influenced by the speed and length of centrifugation as 
well as by temperature, by the size and shape of the container, and by the in- 
trinsie composition of the blood, it is clear that the platelet count of the plasma 
is not an accurate index of the count of whole blood. Nevertheless, if the con- 
ditions for obtaining the plasma are carefully standardized, the platelet count 
of the plasma bears a sufficiently satisfactory ratio to the total count of whole 
blood to permit employing the plasma for the study of such reactions as clot 
retraction which depend on the number of platelets. 
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TABLE I, A CORRELATION OF THE PLATELET COUNT WITH THE BEGINNING OF CLOT 
RETRACTION AND THE PROTHROMBIN CONSUMPTION TIME 
IN NORMAL SUBJECTS 








PROTHROMBIN CON- 
PLATELET COUNT HEMATOCRIT READING BEGINNING SUMPTION TIME 
(THOUSANDS) (PLASMA VOLUME) OF CLOT RE- (AFTER 60 MIN.) 


WHOLE - _|NATIVE RELA- TRACTION BLOOD PLASMA 
SUBJECT | BLOOD PLASMA TIVE* (%) | TRUE (%) (MIN. ) (SEC. ) (SEC.) 


1 204 486 28 48 91% 34 48 
154 535 22 50 9% 17 23 
282 426 42 44 7 16 42 
354 800 22 47 61% 19 23 
252 187 26 49 6 18 18 
201 352 28 51 8% 15 23 
177 345 38 46 61% 19 29 
207 449 24 49 814 21 27 
255 583 38 48 10 36 26 
241 498 26 47 8 23 34 
209 406 28 45 61% 23 25 
284 583 16 43 814 27 24 
197 576 29 48 11 23 23 
259 662 24 48 9 17 27 
214 508 34 47 7% 23 28 
207 604 38 51 7% 21 20 
300 770 36 45 7 20 19 
265 549 30 47 6 32 18 
429 611 36 51 9 21 31 
20 322 683 32 49 8 17 18 


Average 250 531 29 47 8 22 26 


*Ratio of plasma volume obtained by centrifuging at 800 r.p.m. for ten minutes to total 
blood volume. 
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When the platelet count is normal, clot retraction of native plasma becomes 
detectable in about eight minutes. The range for the twenty subjects studied 
varied from six to eleven minutes. In confirmation of previous studies,® it was 
observed that when the platelet count of plasma is below approximately 150,000 
the beginning of clot retraction becomes progressively delayed and finally re- 
traction fails to oceur altogether. Slight retraction still manifests itself when 
the count is over 20,000. Under ideal experimental conditions and with control 
of the various clotting factors, the number of platelets quantitatively determines 
the speed with which clot retraction begins and also the size of the final clot. 

The prothrombin consumption time, likewise, depends on an adequate 
number of platelets. It has been postulated that platelets supply an enzyme 
which is essential for the conversion of thromboplastinogen to active thrombo- 
plastin.2 On removing platelets from plasma by centrifugation, the pro- 
thrombin consumption is markedly delayed due to the inadequate conversion 
of thromboplastinogen. With an excess of platelets, sufficient platelet enzyme 
becomes available to permit a rapid consumption of prothrombin. Inspection 
of Table I shows that the prothrombin consumption time of serum, whether 
obtained from plasma or whole blood, sixty minutes after coagulation is in most 
instances between 17 and 30 seconds. If these values are calculated in terms 
of prothrombin activity by means of Quick’s prothrombin curve, one finds that 
from 60 to 80 per cent of the activity disappears in one hour. 
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A poor consumption of prothrombin is due generally either to a lack of 
platelets or to a deficiency or thromboplastinogen. In hemophilia the platelets 
are normal, since it has been shown that if platelets from hemophilic blood are 
added to normal deplateletized plasma, normal coagulation will occur.’ It is 
most likely therefore that the basic defect in hemophilia is inadequate throm- 
boplastinogen content in the blood. 

To determine whether defects in coagulation other than lack of platelets 
occur in thrombocytopenic purpura, one must consider the various factors that 
enter into the clotting mechanism. Since the prothrombin time is usually 
entirely normal, it is evident that the prothrombin complex and fibrinogen are 
not involved and are normal. This is clearly illustrated by the following find- 
ings made on the blood and native plasma of a patient with severe thrombocyto- 
penie purpura. 


PATIENT R. P., 11-YEAR-OLD GIRL 

Coagulation time (Lee-White) 6 min, 

Prothrombin time 11144 see. 

Prothrombin consumption time (whole blood ) 101% sec. (after 1 hr.) 
Bleeding time >30 min. 

Clot retraction (whole blood ) None (after 24 hr.) 
Platelet count 5,000 per cu.mm. 


STUDY OF NATIVE PLASMA (OBTAINED BY SILICONE TECHNIQUE) 

Coagulation began in 5 min. 

Coagulation completed in 12 min. 

Retraction None in 2 hr. 
Prothrombin consumption time 101% see. (after 2 hr.) 


Krom these results it can be seen that only a trace of prothrombin was 
consumed in the clotted blood after two hours. That this is due to lack of active 
thromboplastin is clearly shown by the effect of adding a small amount of rabbit 
brain extract to the serum (Table II). An immediate increase in the pro- 
thrombin consumption occurred, and when the amount of added thromboplastin 
was increased, the prothrombin consumption was also proportionately increased. 
Since the prothrombin consumption time tends to remain fairly constant for 
any concentration of thromboplastin for a period of one hour or more after its 
addition, it appears very likely that the reaction with prothrombin is stoechio- 
metrie rather than enzymatic. The lack of active thromboplastin is not due to 
a deficiency of thromboplastin as occurs in hemophilia, but to an inadequate 
amount of the activator which is furnished by the platelets. 


TABLE LI. THe Errect or ADDING THROMBOPLASTIN TO SERUM OF A PATIENT WITH 
THROMBOCYTOPENIC PURPURA ON PROTITROMBIN CONSUMPTION TIME 





PROTHROMBIN CONSUMPTION TIME 
TIME IN MIN. 


6b | 














~~ 'Thromboplastin added to lec. of serum 21 
OL ee. 10% 41 21 
02 ec. 10% ssh 
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The correlation of prothrombin consumption time with the beginning of 
clot retraction time can be applied to study the course of the thrombocytopenic 
purpura, as illustrated by two cases, the laboratory findings of which are 
summarized in Tables III and IV. 


TABLE III, THE COURSE OF THROMBOCYTOPENIC PURPURA AS MANIFESTED BY THE PLATELET 
CouNT, BLEEDING TIME, BEGINNING OF CLOT RETRACTION IN NATIVE PLASMA, AND 
PROTHROMBIN CONSUMPTION TIME 


(Patient: A boy, age 6; Diagnosis: Secondary thrombocytopenic purpura) 











PROTHROMBIN 
BEGINNING OF | CONSUMPTION 
CLOT TIME 
BLEEDING RETRACTION (WHOLE 

PLATELET TIME (PLASMA) BLOOD) CLINICAL 

DATE COUNT (MIN. ) (MIN. ) (SEC. ) CONDITION 
June 4 26,000 27 13 Marked bruising 
June 8 25,000 10 29 hia! Marked bruising 
June 12 49,000 5% 18 13 Marked bruising 
June 17 13,000 16 15 13 Marked bruising 
June 24* 15,000 12 11 Marked bruising 
July 1 29,000 914 14 14 Marked bruising 

July 14 98,000 2% a 20 No bruising 





*Folic acid, 20 mg. daily. 


TABLE IV. THE EFFECT OF SPLENECTOMY ON THE PLATELET COUNT AND PROTHROMBIN 
CONSUMPTION TIME IN A PATIENT WITH THROMBOCYTOPENIC PURPURA 


(Patient: A man, age 32; Diagnosis: Idiopathic thrombocytopenic purpura) 











PLATELET 
COUNT OF CLOT RE- PROTHROMBIN 
WHOLE BLOOD TRACTION OF | CONSUMPTION 
DATE (1948) (THOUSANDS) | WHOLE BLOOD TIME (SEC.) REMARKS 
April 1 80,000 None 10 
June 24 14,000 None 10 
June 25 39,000 Slight 12 Immediately after 
ligation of splenic 
vessel 
22,000 13 After 30 min. 
26,000 14 After 60 min. 
June 26 98,000 12% min.* 32 
June 28 842,000 50 





*Native plasma, 


The first subject, a 6-year-old boy, developed purpura two weeks following 
an attack of vomiting and diarrhea. He had no hematuria, melena, or other 
type of bleeding except marked bruising. He had a consistently low platelet 
count over a period of six weeks. During this period the bleeding time was pro- 
longed, the beginning of clot retraction delayed, and the prothrombin con- 
sumption time consistently shorter than normal. The clinical condition as 
judged by marked bruising remained unchanged. Two weeks following the 
daily administration of 20 mg. folic acid, the bruising tendency disappeared, 
and an examination of the blood showed a striking increase in the platelet count 
and a return to normal of the bleeding \time, elot retraction, and prothrombin 
consumption time. Whether the cure ean be attributed to folic acid or whether 
recovery was spontaneous remains problematic, although favorable results from 
folie acid have been noted also in a few other eases of thrombocytopenia. 
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The second subject,* a young man 32 years of age with idiopathic thrombo- 
eytopenic purpura, presented the opportunity to study the effect of splenectomy. 
It is obvious from the results recorded in Table IV that the favorable response 
to the removal of the spleen is shown both by the rise in the platelet count and 
by the increase in prothrombin consumption. It appears that the latter was 
even a more sensitive indicator than the platelet count, but that may perhaps 
be explained by the difficulty of avoiding errors in counting platelets especially 
when the collection of blood is beset with technical difficulties, such as are en- 
countered in the operating room with the patient under anesthesia. 

In both patients the prothrombin consumption time corresponded to the 
platelet count, and clinical improvement was promptly and accurately indicated 
by a rise both in the platelet count and in the prothrombin consumption. 

The prothrombin consumption time test is at present the only method 
available to show a coagulation defect in thrombocytopenic purpura. When 
performed according to the directions as outlined in this paper, it is a fairly 
quantitative measure of platelet activity unless there is a deficiency of thrombo- 
plastinogen as in hemophilia. The test therefore becomes a useful addition to 
the list of laboratory procedures available for studying purpura. It will 
definitely complement the platelet count. From the studies made thus far, it 
can be stated that when the prothrombin consumption time is normal, no marked 
thrombocytopenia exists. 

The new method for studying clot retraction by timing the beginning of 
the process in native plasma is a far more sensitive test than the clot retraction 
of whole blood. The latter method is essentially qualitative and therefore is 
only a rough index of the platelet count. Unfortunately the collection of native 
plasma is too exacting a procedure to warrant its general use in the clinical 
laboratory; but for investigative purposes, plasma is better suited to study clot 
retraction than is whole blood since the reaction can be directly watched and 
no correction for cell volume is required. 

A close correlation exists between the platelet count, clot retraction, and 
the prothrombin consumption time since the latter two are directly dependent 
upon the former, assuming of course, that the activity per platelet is constant. 
The prolonged bleeding time, the easy bruising, the oozing of blood from mucous 
membranes, and the petechiae which are characteristic findings in thrombocyto- 
penie purpura are in all probability not caused by the platelet deficiency. It 
is not unusual to find in such conditions as acute lymphatie leucemia a very 
low platelet count and yet no purpura or bleeding. It seems fairly certain that 
a toxie agent distinet from the platelets is responsible for the vascular dysfune- 
tion that causes purpura and that when this factor is superimposed on the co- 
agulation defect due to lack of platelets, the hemorrhagic tendency is markedly 
accentuated. 

SUMMARY 

A eorrelation between the platelet count, the speed of clot retraction, and 

prothrombin consumption of normal human native plasma (obtained with the 


*The medical staff at Veterans Hospital, Wood, Wis., kindly permitted us to study this 
patient, 
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aid of silicone-coated glassware) is presented. Incidental to this study, it was 
observed that the platelet count in plasma obtained by slow centrifugation is 
about twice as high as in whole blood. 

In thrombocytopenic purpura a delayed clot retraction and a poor pro- 
hrombin consumption closely parallels the low platelet count. A clinical 
ease is presented to illustrate the simultaneous and prompt return to normal 
of the prothrombin consumption time and the speed of clot retraction as the 
platelet count increased to 100,000 and the clinical condition improved. Another 
case is selected to show the expeditious response of the platelet count, pro- 
thrombin consumption, and clot retraction to splenectomy in idiopathie thrombo- 
eytopenie purpura (Werlhof’s disease). 

The prothrombin consumption test supplies the first strong evidence that a 
coagulation defect is present in thrombocytopenic purpura. The test offers a 
new measure of platelet activity, which is postulated to be that of activating 
plasma thromboplastinogen. Clot retraction likewise is a measure of intact 
platelet activity. When the test is carried out on native plasma, it has quantita- 
tive significance since the beginning and completion can be accurately deter- 
mined by direct visual observation, and no correction is required for cell 
volume. 
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THE DEVELOPING (COOMBS) TEST IN SPHEROCYTIC 
HEMOLYTIC ANEMIAS 


Its SIGNIFICANCE FOR THE PATHOPHYSIOLOGY OF SPHEROCYTOSIS 
AND SPLENIC HEMOLYSIS 


Karu Sincer, M.D., anp Arno G. Moruusky, M.D. 
Curicago, IL. 


INCE Vanlair and Masius' in 1871 first described spherocytes, the nature of 

these pathologic red cells has been the subject of much discussion. It is 
now generally recognized that spherocytosis is not limited to the hereditary 
variety of hemolytic jaundice but also may be present in the so-called acquired 
types (idiopathic? as well as symptomatic’). The experimental production of 
spherocytosis by Dameshek and Schwartz‘ in 1938 destroyed the widespread 
belief that this cell anomaly is pathognomonic of the hereditary disorder. 

With the advance of modern methods it became apparent that erythrocytes 
showing identical morphologic abnormalities may exhibit a quite different func- 
tional behavior. Singer®* in 1937 found an important inequality between the 
spherocytes of aequired and those of familial hemolytic anemia by means of the 
lysolecithin fragility test. Red cells of patients with congenital hemolytic jaun- 
dice showed an increased lysolecithin and osmotic fragility, whereas erythrocytes 
of patients with the aequired disease revealed an increased osmotic but a normal 
lysolecithin fragility. Identical results were obtained by other workers.” * ° 
However, the cumbersome procedures for preparing lysolecithin have prevented 
this test from becoming more popular. 

Several years later, antihuman globulin serum was wr to furnish a 
simpler tool in the differentiation of the two types of spherocytes.’° Coombs, 
Mourant, and Race" in 1945 used antiglobulin serum to demonstrate sensitized 
red cells in erythroblastosis fetalis. This sensitization was visualized as the 
adsorption of globulin antibodies on the surface of the red cells. The contact 
of an antihuman globulin serum with these ‘‘coated’’ cells should result in 
agglutination. This assumption proved to be correct, and this test has been 
employed for the detection of Rh antibodies. Habernan and Hill’® 7° ealled 
this method the ‘‘developing test’’ because ‘‘it develops an observable reaction 
in a manner analogous to the development of a photographie image.’’ 

Boorman and co-workers'’® in 1946 applied this procedure to demonstrate 
the existence of adsorbed antibodies not belonging to the Rh-Hr system in eases 
of aequired hemolytic anemias. By means of the developing test, two fune- 
tionally different types of spherocytes could be distinguished: (1) the ‘‘un- 
coated’’ spherocyte usually found in hereditary hemolytic anemia, and (2) the 
‘‘elobulin coated’’ spherocyte present in the acquired disease. These results 
have been confirmed by several workers.'*-"8 
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This paper reports a series of cases of hereditary and acquired spherocytic 
nemolytic anemia studied with the antiglobulin serum. The observation was 
made that a positive developing test may also be demonstrable in the hereditary 
variety—a finding the theoretical and practical significance of which will be 
liseussed particularly in relation to the controversial pathogenesis of these 
syndromes. 





METHODS 

The antihuman globulin rabbit serum was obtained from the Ortho Research Founda- 
tion, Raritan, N. J., through the courtesy of Dr. Philip Levine.* An approximately 2 per 
cent suspension of fresh cells was made up, and 2 drops of the suspension were mixed with 
2 drops of the serum in a small serologic test tube. The mixture was incubated at 37° C. 
for half an hour and then centrifuged at 1,000 r.p.m. for two minutes. The ‘‘red cell 
button’’ was slowly dislodged with a rotary to-and-fro motion and observed for agglutina- 
tion. All results were checked microscopically. Controls were set up with normal cells. 

The serum was kept in the refrigerator at all times. Ordinarily this testing serum 
is perfectly clear. One batch of this serum, however, became cloudy and started agglutinat- 
ing normal cells. It was later found to be contaminated by molds. In performing the 
developing test it is always advisable to run controls on normal cells simultaneously. Since 
cold agglutinins may interfere with the test, whole blood should not be stored in the 
refrigerator. Washed cells, however, still give correct results when kept in the icebox 
for one week. 

RESULTS 

1. Acquired Spherocytic Anemia.—Distinet spherocytosis was present in 
films of blood, and the osmotic fragility was moderately or markedly increased 
in all but one of the cases.t All patients showed a positive developing test. The 
pertinent hematologic data and the results of the developing test are summarized 


in Table I. 


TABLE I. RESULTS OF DEVELOPING TEST IN ACQUIRED SPHEROCYTIG HEMOLYTIC ANEMIA 














DEVELOPING TEST 
RE- | BEFORE | AFTER 
PA- TYPE OF AGE HB. | R.B.C. |TICS.| SPLENEC- | SPLENEC- 
TIENT ANEMIA (YR.) | SEX | (GM.) |(MILL.)}(%)| TOMY TOMY REMARKS 
1 _|Idiopathie 42 M 4.0 1.2 4.2 | Positive a. No splenectomy 
2  |Ldiopathie 46 F 7.5 2.2 |16.0|Positive | Positive |Test performed 
4 mo. after 
operation 
3. |Idiopathie 28 F 3.6 1.0 5.0 | Positive |Not per- | Patient not avail- 
formed able for testing 
4  |Idiopathie 20 M 5.9 1.4 |32.0|Positive | Not per- |Splenectomized in 
formed another city. 
Patient not 
available 
5 |Idiopathic 52 M | 13. 4.0 |16.4 | Weakly - No splenectomy 
positive 
6  |Idiopathie. 21 M | 13.2 | 4.7 2.0 |Not per-|Weakly |Test performed 
Malignant formed | positive} 4 yr. after 
hypertension operation 
7 |Symptomatic 50 F Sa 1.9 |12.2 | Weakly - No splenectomy. 
(reticulum positive Patient died 
cell sarcoma) 
8  |Idiopathic 20 M 5.3 1.6 |57.0|Positive |Negative |Test performed 
2 mo. after 
operation 
































, *It is now possible to obtain the serum from the Ortho Pharmaceutical Corporation, Rari- 
an, J. 

~We want to acknowledge the help of many physicians, in particular Dr. Raphael Isaacs, 
who have permitted us to study their private patients. 
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Patient 6 had an acquired hemolytic anemia four years previously which responded 
well to splenectomy. Although the anemia disappeared and there were no signs of in- 
creased blood destruction, spherocytosis continued and the developing test was positive. 
The patient died in uremia consequent to malignant hypertension. 

Patient 7 had a typical symptomatic hemolytic anemia occurring in a case of reticulum 
cell sarcoma. Although slight spherocytosis was present in the film, the hypotonic saline 
fragility was within normal limits. Coating antibodies in cases of symptomatic hemolytic 
anemia have been observed by Boorman and associates!° and Wagley and co-workers.17 

Patient 8 showed a strongly positive Coombs test before splenectomy in the presence 
of a very severe anemia and 57 per cent reticulocytes. Two months after splenectomy, 
spherocytosis and the increased saline fragility disappeared and the hemoglobin and red 
cell count returned to normal values. The developing test also became negative. ‘This 
case is an example of a complete cure of this disease which sometimes follows splenectomy. 


2. Hereditary Spherocytic Anemia.—Seven patients were examined (Table 
II). All of them had the typical features of spherocytosis and increased saline 
fragility. All but one had a negative developing test. Splenectomy was per- 
formed on Patient 3 only. 


TABLE II. RESULTS OF DEVELOPING TEST IN CONGENITAL HEMOLYTIC ANEMIA 








AGE HB. R.B.C._ | RETICS. | DEVELOPING 
PATIENT] (YR.) SE) (GM.) |(MILL.)| (%) TEST REMARKS 

28 10.6 3.2 10.6 Negative |Diagnosis based on developing 
test only as family not avail- 
able for examination 








10.6 : a Negative 
3.9 ! ; Positive |Son of Patient 2. Developing 
test still positive 12 days 
after splenectomy. Six weeks 
following operation test 
turned negative 

F i. 33 6.6 Negative 
F 11. B 8.6 Negative |Sister of Patient 4 
F 11. ; 4.4 Negative 
M 14. 6 0.2 Negative |Son of Patient 6 


























Two eases in this group are of particular interest. Patient 1 had a negative 
(Coombs test on two oceasions. It was not possible to examine the family. The 


classification of this case is therefore arbitrary and based only on the negative 
developing test. 


Patient 3, the son of Patient 2, presented the most interesting problem: a positive 
developing test in a well-established case of hereditary hemolytic anemia. This 4-year-old 
white boy entered the Sarah Morris Hospital because of accidental trauma. His mother 
(Patient 2) had always been anemic and had been advised to have a splenectomy several 
years ago. The child had been pale and icteric since the age of 4 months. Splenectomy, 
although repeatedly advised, had always been refused. ‘Transfusions also had never been 
given. 

Physical examination revealed a mildly jaundiced child with a large hematoma about 
the forehead. There was a loud systolic murmur at the apex. The liver was palpable 4 em. 
below the costal margin in the mideclavicular line, and the spleen reached almost down to 
the iliac crest and had a definite palpable notch. Skull and chest films were within normal 
limits. 

Laboratory Data: Hematologic findings: Hb., 3.9 Gm. (26 per cent) per 100 ml; 
R.B.C., 1,8 mill. per cubic millimeter; W.B.C., 4,700; reticulocytes, 10.4 per cent; hematocrit, 
12; C.IL., 0.72; MCV, 70 cu.mm.; platelets, 164,800. The blood film showed conspicuous 
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hypochromia and microcytosis as well as definite spherocytosis. ‘The coexistence of both 
poorly stained hypochromic corpuscles and fully hemoglobinized spherocytes was very strik- 
ing. The differential count was within normal limits. Saline fragility started at 0.78 per 


cent. Bleeding, clotting, and prothrombin times were normal. Blood group formula: 


A, MN, Rh, Rh, (CDE) « Bone marrow: marked erythroid hyperplasia of normoblastic 





variety. 

Chemistry: Serum bilirubin, 3 mg. per cent; cholesterol, 78 mg. per cent (60 per cent 
esters); thymol turbidity, 2.4 units; cephalin and thymol flocculation tests, negative; total 
protein, 7.2 Gm.; true albumin, 4.4 Gm.; true globulin, 2.8 grams. The Kahn test was 
negative and the urine did not contain bilirubin. 

The patient was splenectomized after the hemoglobin and cell count were brought 
to normal levels by means of several blood transfusions. He made an uneventful recovery. 
His blood findings were within normal limits seven weeks after splenectomy, and he is 
continuing to do well. 


It should be emphasized that it is difficult to decide whether this patient 
was in crisis when he entered the hospital. His mother stated that his general 
condition did not differ from the usual and that she brought him to the hospital 
beeause of the trauma. Although blood examination revealed a very severe 
anemia, a slight leucopenia, and thrombocytopenia, there was a definite elevation 
of reticulocytes and the marrow did not show any evidence of maturation arrest 
as deseribed by Owren.'®? The hypochromia probably was caused by poor nutri- 
tional intake in this growing, chronically ill patient. 

The developing test was strongly positive on admission, and the same result 
was obtained five days later after several transfusions were given. On the 
twelfth day following splenectomy the test still was strongly positive but became 
negative five weeks later. The disappearance of the positive developing test 
after splenectomy should be stressed. Some of our own and previously published 
eases of acquired hemolytic anemia'® '*)'* showed persistence of a positive 
developing test for long periods after operation. 

3. Sickle Cell Anemia in Crisis—Two patients with sickle cell anemia in 
crisis showed a negative developing test, thus demonstrating that no coated cells 
are present during these episodes. This finding points against an immunologic 
extracorpuscular mechanism operating during the crises of this disease. 

4. Miscellaneous.—One syphilitic patient with a severe nonspherocytie he- 
molytie anemia and hepatitis, probably caused by arsphenamine, showed a nega- 
tive Coombs’ test. Negative results also were obtained in a case of chronic 
myelogenous leucemia with strong autoagglutination and in another patient 
with spheroecytie hemolytic anemia caused by a new sulfa compound (Sul- 
phatron). 

5. Results of Other Investigators.— 

(a) Acquired Hemolytic Anemia (Idiopathic and Symptomatic): The re- 
sults of the developing test as obtained by other investigators are tabulated in 
Table III. In all of the twenty-four previously reported cases a positive develop- 
ing test was regularly found. No negative results were encountered. Splenectomy 
did not lead to disappearance of the coated spheroevtes although the hemolytic 
process had stopped. Boorman and co-workers'’ found a negative Coombs test 


*We are indebted to Dr. S. O. Levinson and Dr. A. Wolf of the Serum Center, Michael 
Reese Hospital, for establishing the exact. Rh-Hr formula of this patient. 
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in five atypical nonspherocytie cases of acquired hemolytic anemia. These cases 
are omitted from this discussion as they do not exhibit the diagnostic criteria of 
a spherocytie acholurie jaundice, Loutit and Mollison'* added two more cases 
to those already reported by Boorman and associates. One of these patients had 
a positive developing test, although it is stated that at the time of testing there 
was no spherocytosis and a normal saline fragility. This patient appears to 
have had a typical spherocytic hemolytic anemia, and she later died of this 
disease. 


TABLE III. RESULTS OF OTHER INVESTIGATORS 











NUMBER OF CASES NUMBER OF CASES 
OF CONGENITAL OF ACQUIRED 
HEMOLYTIC ANEMIA HEMOLYTIC ANEMIA 
WITH NEGATIVE WITH POSITIVE 
DEVELOPING TEST DEVELOPING TEST 
BEFORE | AFTER BEFORE | AFTER 
| SPLE- SPLE- SPLE- SPLE- 





NEC- | NEC- NEC- NEC- 
INVESTIGATORS | TOTAL 





TOMY TOMY TOTAL TOMY TOMY REMARKS 








co-workers! lytic anemia of sympto- 
matic variety. Persist- 
ence of positive develop- 
ing test in one patient up 
to 2 yr. after splenectomy 
Loutit and 2 Strongly positive developing 
Mollison18 | test in one case in ab- 

' sence of spherocytes and 
increased fragility. Pa- 
tient had spherocytosis 
prior to test and later 
died of acholurie jaundice 


Boorman and 17 | 8 9 5 2 3 One case of acquired hemo- 
| 
| 


Evans and 
co-workers!4 
Sturgeon15 : | One patient with sickle cell 
anemia and two patients 
with Cooley’s anemia also 
showed negative develop- 
ing test 
Wagley and % : | ; 2 Not Not At least two of the acquired 
co-workers!7 | | speci- | speci- cases are of the symp- 
fied fied tomatie type 























(b) Hereditary Hemolytic Anemia: A negative developing test was found in 
all of the twenty-three cases reported so far (Table IIT). Our ease showing a 
positive Coombs test appears to be the first observation of such an occurrence in 
the hereditary disease. However, Dameshek and Bloom,?° without actually per- 
forming a developing test, have demonstrated incomplete antibodies in the plasma 
of two patients with hereditary hemolytic anemia in crisis using albumin as a 
diluent. Since in the presence of such antibodies the developing test always has 
been found positive, these two cases may be quoted as corroborative evidence. 


DISCUSSION 


The interpretation of a positive developing test in acquired and in some 
instanees of hereditary spherocytie jaundice requires a critical understanding 
of the pertinent facts concerning the pathogenesis of these syndromes, Because 
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of the controversial character of the currently favored theories, it was deemed 
necessary to correlate and to consider these problems in greater detail. 

A, Theoretical Considerations.— 

Immunologic Nature of the Developing Test: Recent work has clearly es- 
tablished the existence of at least three different types of antibodies to the Rh 
factors. These are (1) the saline (complete, first order) antibody, (2) the 
albumin (incomplete, saline blocking,?’ 2? second order) antibody, and (3) the 
‘‘true’’ blocking?® (eryptagglutinoid,’ third order) antibody. The second order 
antibody blocks the activity of the saline antibody and can be removed from the 
red cells by extensive washing. The ‘‘true’’ blocking antibody blocks the reac- 
tion of the albumin agglutinin and cannot be washed off.* 

Recently Mohn and Witebsky?* 74 have shown that the last two mentioned 
varieties of immune bodies cause ‘‘coating’’ of the red cells. Consequently a 
positive developing test is indicative of the adsorption of either the second or 
third order antibodies onto the surface of the red cells. Failure to obtain ag- 
glutination in albumin in the presence of a positive developing test clearly 
establishes the existence of this ‘‘true’’ (third order) blocking antibody. 

A positive developing test in spherocytie hemolytic anemia has been re- 
peatedly demonstrated without any evidence of antibodies directed against the 
Rh-Hr (CDE) system. It may be assumed that the agglutinins found in the 
spherocytic hemolytic anemias follow a similar immunologie pattern. Nothing 
is known, however, about antigenic or other mechanisms stimulating the produc- 
tion of these immune bodies. 

The demonstration of a positive developing test in our ease of hereditary 
hemolytic jaundice and the corroborative results of Dameshek and Bloom?® prove 
the presence of an immunologic mechanism in these eases. Anti Rh-Hr immune 
bodies are unlikely to be responsible for the positive developing test because our 
patient was Rh-positive and splenectomy resulted in the disappearance of the 
positive Coombs test. 

Nature and Origin of Spherocytosis: Spherocytes are red cells with increased 
thickness, decreased mean cell diameter, and normal volume. These physical 
alterations account for the globular shape of these cells as contrasted to the 
biconeavity of the normal erythrocytes. Spherocytosis may be found in a great 
variety of conditions. Experimentally it may be produced in vivo by burns” 
and by the injection of certain hemolytie agents (e.g. antired cell sera,t phenyl- 
hydrazine). In vitro it may be brought about by exposing red cells to certain 
chemicals (e.g. lysolecithin, saponin) or to lowered osmotie tension, or even by 
firmly pressing a cover slip over a fresh preparation of blood.*® Clinieally, 
spherocytosis is always found in the hereditary type and in many eases of the 
acquired type of hemolytic anemias of various etiologies (immunologic, physical, 
and chemical). 

These observations clearly demonstrate that a multitude of mechanisms may 
be responsible for this change in the shape of the red cell. The common result 
of all these conditions is an alteration in the structure of the erythrocytes, lead- 
ing to a disturbed equilibrium of the forces which keep the normal corpuscles 
in a biconeave shape. The nature of these forces is but poorly understood at the 
present time,” 
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Since the number of biologically significant alterations in shape which a red 
cell may assume appears to be limited, it is not permissible to deduce that a 
given morphologic anomaly is always produced by the same factors. Further- 
more, the functional behavior of red cells having the same abnormal shape may 
vary in many ways as determined by the original etiologic mechanisms. Fune- 
tional differences between spherocytes are clearly shown by the reaction of these 
cells to the developing and the lysolecithin fragility tests. Recent survival time 
studies with sickle cell anemia and sickle cell trait cells also point to qualitative 
variations hiding behind the common feature of the sickling tendency.?” ?° 

The recognition that several types of spherocytes exist must be taken into 
consideration by any theory as to the site of origin of this anomaly in shape 
which oceurs in various clinical conditions. The spherocytes found in the cir- 
culation of severely burnt patients quite obviously originate in the damaged 
areas. It appears more than likely that the qualitatively different spherocytes 
found in the hereditary and acquired (immunologic) types of hemolytic anemia 
are also of different origin. This point of view may be helpful in evaluating 
the current hypotheses on the origin of spherocytosis. 

_According to Naegeli?® the shape of any erythrocyte is primarily regulated 
in the marrow. In hereditary hemolytie jaundice many red cell precursors are, 
therefore, predestined to become spherocytes. According to this concept sphero- 
eytosis is a red cell anomaly under genetic control. The failure of spherocytosis 
to disappear following splenectomy in congenital acholurie jaundice is often cited 


to support this theory. It should be emphasized, however, that many cases of 


acquired hemolytic anemia also show persistent spherocytosis after splenectomy 
and that a positive developing test may remain demonstrable for many years. 
Dameshek?’ objects to Naegeli’s hypothesis on the ground that spherocytosis 
is never observed in the nucleated and reticulated red cells of the marrow. He 
postulates the action of an intravascular antibody on normal cells, thus render- 
ing them spherocytic. According to this unitarian hypothesis, any spherocytosis 
congenital or aequired—is caused by extracorpuscular mechanisms. The fact 
that normal erythroeytes transfused into a patient with hereditary hemolytic 
anemia have a normal life span whereas the patient’s own cells are prematurely 
destroyed® *° is explained by the assumption that the postulated immune bodies 
are ‘‘autospecific’’—attacking only the patient’s own erythrocytes. Such an 
interpretation necessarily implies that the production of these hypothetical ‘‘auto- 
specific antibodies’’ is also controlled by an hereditary mechanism. It should 
be pointed out that the failure of nucleated and reticulated erythrocytes to 
exhibit spherical shape cannot be used to disprove their primary origin in the 
marrow. It is quite possible that the presence of nuclear material so alters the 
cytoskeleton that spheroidicity cannot be achieved, The fact that in nonhemolytie 
elliptocytosis the nucleated corpuscles also fail to show elliptic shape*! may be 
quoted as another example of a genetie blood disorder not displaying the ehar- 
acteristic shape anomaly in the nucleated precursors. 
In regard to the ‘‘autospecifie’’ immune bodies, it should be stated that the 
developing test is an unspecifie test for globulin adsorbed to the surface of the 
erythrocytes. Sinee spherocytes found in the hereditary disease are usually 
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‘‘uneoated,’’ it follows that the hypothetical autoagglutinins or hemolysins are 
either not globulins or that the test is not sensitive enough to detect them. Even 
if sueh factors should be discovered, it is more than likely that they would be 
found to differ qualitatively from the globulin immune bodies. 

Ham and Castle*? consider stasis to be an important factor producing 
spherocytosis, These investigators have shown that in vitro ineubation of red 
cells and also stagnation of erythrocytes in the spleen result in increasing 
spheroidicity with increasing mechanical and osmotie fragility. Erythrostasis 
is supposed to cause an accumulation of metabolites with resulting swelling of 
the cells. This hypothesis does not account for the absence of spherocytosis in 
many splenomegalies (e.g. polyevthemia) where severe congestion and stasis 
may be found. 

Most of these hypotheses are unitarian in character, either disregarding the 
demonstrable qualitative differences of the spheroecytes or requiring special 
assumptions for a satisfactory explanation of the known facts. Although these 
theories have been extremely useful in stimulating valuable experiments which 
uncovered new evidence, we believe that at present the hypothesis of the multiple 
origin of spherocytosis is more adequate. 

From this standpoint it seems quite probable that in the hereditary type of 
hemolytic anemia uncoated spherocytes develop in the marrow under genetic 
control, whereas in the acquired variety spherocytes are formed after contact 
with coating antibodies originating in the spleen’? or possibly other organs. 
Spherocytosis caused by physical and chemical factors results from the exposure 
of the erythrocytes to these agents either intravascularly or within the damaged 
tissue. ; 

Fig. 1 represents a diagram summarizing the pertinent points of this 
hypothesis. 

The exceptional presence of coated spherocytes in a proved ease of hereditary 
hemolytie anemia is, therefore, interpreted as being caused by the simultaneous 
existence of two pathogenic mechanisms. After splenectomy the production of 
coating antibodies ceased, and the developing test became negative. Spherocytes 
of the uncoated variety continued to be present. 

The Role of the Spleen in the Spherocytic Hemolytic Syndromes: In hered- 
itary spherocytie anemia the pathologically increased destruction of red cells 
disappears following splenectomy. It is usually assumed that the spleen par- 
ticipates physiologically in erythrocyte disintegration and that in the spheroeytie 
anemia a hyperfunction (hemolytic hypersplenism) exists. Since the mode of 
red cell elimination under normal conditions is still a matter of debate, various 
mechanisms, like erythrophagocytosis,** erythrostasis,** or inereased lysolecithin 
produetion,** *° are emphasized. Without going into any details, all these hypoth- 
eses do not clearly explain why all the other nonspheroecytie hemolytie syn- 
dromes (sickle cell anemia, Cooley’s anemia, paroxysmal nocturnal hemoglobin- 
uria, ete.) are admittedly not influenced by splenectomy. Survival time studies 
have shown that the life span of the red cells in normal persons following removal 
of the spleen remains unchanged.** ** It may be argued that this finding does 
not necessarily invalidate the theories of hemoiytie hypersplenism because the 
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other constituents of the reticuloendothelial system substitute for the spleen. 
In hereditary spherocytosis, however, splenectomy stops permanently the in- 
éreased rate of hemolysis, and no other organs come apparently into play.*® *7 
Therefore, the reticuloendothelial system does not act as a biologic unit in this 
syndrome. Consequently the theory of hemolytic hypersplenism could apply 
only to the spheroeytie hemolytic anemias. 
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Fig. 1.—Differences between morphologically identical spherocytes in clinical conditions. 


According to the hypothesis of specific splenic hemolysis, participation of 
the spleen in physiologic red cell disintegration is either absent or negligible.*” 
The spleen may be the graveyard, but it is not the slaughterhouse of the normal 
corpuscles.** Recent studies have shown that physiologic erythrocyte elimination 
depends on the age of the cell and also on the mechanical factors to which it is 
exposed during its life span within the cireulation.*” *° All hemolytic syndromes 
are characterized by erythrocytes with specific structural alterations of the eyto- 
skeleton.*' Such changes may manifest themselves either morphologically or 
functionally. They may be due to faulty production in the marrow (intra- 
corpuscular mechanisms) or may develop from the action of external agents on 
normally constructed erythrocytes (extracorpuscular mechanisms). In some 
disorders a combination of both types may be demonstrable; some defective cells 
may even become vulnerable to physiologic mechanisms which do not attack 
normal corpuscles.*° 

Splenic hemolysis is predominantly involved in the spherocytic hemolytic 
syndromes. In the hereditary disorder the spleen selectively removes the un- 
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coated pathologic cells. In the immunologic acquired variety, the spleen pro- 
duces the coating antibodies which, it is assumed, injure the cells and thus render 
them spherocytic. There is ample experimental evidence available to support 
these statements. Normal red cells, transfused into a patient with familial 
spherocytosis, have a normal survival time. The patient’s uncoated spherocytes, 
when transfused into a normal person, are rapidly destroyed.* *° When spleens, 
removed for nonhemolytic disorders, are perfused with normal erythrocytes and 
also with uncoated spherocytes, the former pass through the splenic sinusoids, 
whereas the latter are retained.’® 4? When normal erythrocytes are brought into 
contact with splenic tissue obtained from patients with acquired spherocytie 
anemia, the red cells become coated, showing distinct agglutination with the anti- 
globulin serum. Control experiments with spleens from patients with hereditary 
spherocytosis and other conditions fail to give any indication of the presence of 
an adsorbable globulin.’ 

It is a well-known clinical experience that patients with aequired hemolytic 
anemia may or may not respond to splenectomy, whereas patients with the 
hereditary disorder almost always benefit from this operation.2 Patients with 
the acquired disorder may be classified into three groups according to their 
response to removal of the spleen. In the first group of patients spherocytes dis- 
appear completely and permanently.** In the second group the coated cells 
persist, pathologie hemolysis stops, and these spherocytes exhibit a normal life- 
time in the patient and even when transfused into a normal person.'® In the 
third group coated spherocytes continue to be destroyed rapidly. These different 
responses require an adequate explanation. 

In the first group antibody. production is apparently restricted to the spleen. 
This was observed in Patient 8 of our series of acquired hemolytic anemia. Our 
patient with hereditary spherocytosis with a positive Coombs test also belongs 
to this category, the immunologic mechanism being superimposed upon the 
genetic anomaly. 

The finding of a persistently positive Coombs test after splenectomy indicates 
that the manufacture of antibodies oeceurs in other organs also. The fact that 
splenectomy stops the pathologie hemolysis in some of these patients and does 
not in others may perhaps be explained on a quantitative basis. If the formation 
and release of damaging immune bodies proceed on a larger scale in the extra- 
splenic tissues, splenectomy will not be successful. However, our present under- 
standing of these mechanisms is too incomplete to rule out the possibility that 
qualitative differences in the coating antibodies and their associated damage to 
the cytoskeleton may not also be of importance. . 

The ways and means by which the spleen distinguishes between the different 
types of spherocytes are not quite clear. Whipple‘ believes that normal dis- 
eoidal cells have no difficulty in traversing this organ, whereas spherocytes, being 
thicker, are unable to pass through the stomata of the splenic sinuses. The 
demonstration that eoated spheroeytes, when transfused into normals, have some- 
times a normal survival time'* *° renders this hypothesis untenable. It seems, 
however, conceivable that the local concentration of antibodies may destroy the 
cells within the spleen. 
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Table IV contains a summary of the experimentally proved relations be- 
tween splenic functions and the life span of the various types of spherocytes. 
The results of these investigations form a substantial part of the evidence on 


which the theory of ‘‘specifie splenic hemolysis’’ is based. 


TABLE IV. SUMMARY OF 


THE RELATIONS OF SPLENIC FUNCTIONS TO THE LIFE SPAN OF THE 
VARIOUS TYPES OF SPHEROCYTES 








DIAGNOSIS 


Normal 


TYPE OF 
CELL 


COATING 
ANTIBODY 
PRODUCED 

BY SPLEEN 


LIFE SPAN IN 

PATIENT’S 

OWN CIRCU- 
LATION 


MECHANISM 


TION IN 
PATIENT 


OF DESTRUC- 
THE 


LIFE SPAN 
AFTER 
TRANS- 


y NORMAL 
SUBJECT 


FUSION INTO 


MECHANISM 
OF DE- 
STRUCTION 
IN NORMAL 
RECIPIENT 





Biconeave 


Absent? 


Normal 


Physiologie 


Nor- 


mal2o. 36, 37 


Physiologie 





Hereditary 
spherocytic 
anemia 


Splenecto- | 


‘*Un- 
coated’? 
spherocyte 


Absent17 


Shortened* 


Elimination 
by spleen 


Short- 
eneds: 30 


Selective 
elimination 
by spleen 





**Coated’’ 
spherocyte 
(only in 3 


Cases ) 


No spleen 


Present* 


Shortened2° 


Elimination 
by spleen 
& damage 
by anti- 
bodies 


Shortened* 


Elimination 
by spleen 
& damage 
by anti- 
bodies* 





Normal20 


Short- 


Physiologic 


Elimination 


mized heredi- 
tary hemolytic 


coated ’’ 
spherocyte 


ened, 30 by spleen 


anemia 


\cquired 
spherocytic 
anemia (idio 
pathic) 


Splenecto- 
mized ae- 
quired hemo- 
lytic anemia 


responding to 


splenectomy 


Physical and 


chemical 
hemolytic 
anemia 


spherocyte 


spherocyte 


‘*Un- 
eoated ’? 
spherocyte 





**Coated’’ 


'* Coated”? 





Present! 


No spleen — 


Absent — 





Shortened18 


Normal* 


Shortened* 





| 


Destruction 
by anti- 
bodies 


Nor- 
mal1s, 45 
(or may 
be short- 
ened ) 52 


Physiologic, 


or rapid 
disintegra- 
tion of 
damaged 
cells 





Physiologie 


Direct ac- 
tion of 
physical 
and chemi- 
eal agent 





on R.B.C. 


Normal!s 


Physiologic 











*Not actually determined yet, but assumed on the basis of other evidence. 


Unknown 


The discovery of splenie immune bodies in hereditary spherocytosis invites 


speculation as to the mechanism of the ‘‘crisis’’ in this disorder.?° 


This sudden 


event is often initiated by infections and may occur in several afflicted members 
of one family at almost the same time.*® 4% 48 


However, more observations are necessary to draw any definite conclusions. 


These clinical features could be 
explained by the development of a complicating extracorpuseular mechanism. 


previously mentioned, our own case was probably not in crisis. 


As 


Splenectomized patients may experience a relapse of their hemolytie syn- 


drome caused by accessory spleens.** 


The often severe degree of hemolysis in 


contrast to the small size of the spleniculi may also be elucidated by the applica- 
tion of immunologic methods. 


Sa OUR LEI 


SERIE SEE OEE ONE ON, RAE AOE GEE ST LES 


BAT ORO EAP INS 
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As may be seen from this discussion, our knowledge of the spherocytic 
hemolytic diseases is still very incomplete. Although the finding of a positive 
developing test in both the hereditary and the acquired variety diminishes the 
practical differential diagnostic value of the Coombs test, its contribution to the 
understanding of these syndromes may become significant in the future. 


B. Practical Considerations.— 

Any globulin which has become adsorbed onto the surface of the erythrocytes 
will give a positive developing test with the antiglobulin serum. Since the 
Coombs test is a nonspecific phenomenon, a positive result can be used for differ- 
ential diagnosis of the spherocytie hemolytic anemia only if any other cause of 
red cell sensitization has been ruled out. Isoimmunization by the Rh-Hr factors 
must, therefore, always be considered in the interpretation of the results. The 
indirect developing test may be used to exclude this latter mechanism, By in- 
ecubating the patient’s serum with normal O Rh-positive (CDE) as well as with 
O Rh-negative (ede) cells and then running the test with the washed erythrocytes, 
one may be able to differentiate between Rh sensitization and the immune bodies 
operating in the hemolytic anemias. If agglutination occurs with both Rh-posi- 
tive and Rh-negative cells, Rh antibodies can be excluded. The indirect develop- 
ing test is based on the assumption that the plasma of the patient contains 
demonstrable circulating antibodies. However, the concentration of these anti- 
bodies may be so small that only the sensitive direct Coombs test may betray 
their adsorption on the red cells. Furthermore, if only third order antibodies 
are present in the serum, agglutination will not occur even after addition of 
albumin, but may be deteeted by means of the developing test.?*** Table V 
summarizes the results of the procedures to be employed in the differentiation 


TABLE V. DIFFERENTIATION BETWEEN Rh SENSITIZATION AND IMMUNOLOGIC 
HEMOLYTIC ANEMIAS 








Rh SENSITIZATION 
CIRCULATING 
ANTIBODIES WITH WITHOUT 

TESTS DEMONSTRABLE CIRCULATING ANTIBODIES 

Direct developing test Positive Positive Positive 

Indirect developing test Positive Positive Negative 
against O Rh-positive 
(CDE) cells 

Indirect developing test Negative Positive Negative 
against O Rh-negative 


(ede) cells 


IMMUNOLOGIC HEMOLYTIC ANEMIA 























of these two conditions caused by qualitatively different immune bodies. No 
differentiation between these two states of immunization is possible at present 
if the patient is Rh negative and is known to have had Rh sensitization. In such 
eases the Coombs test may be misleading if not properly evaluated. 

‘‘Balse positive’’ results'®? may be due to improper technique or to adsorp- 
tion of globulins caused by nonimmunologic mechanisms. However, such eondi- 
tions, although theoretically conceivable, are not known at present. The possible 
objection that the positive developing test in our case of congenital hemolytic 
anemia might be a ‘‘false positive’’ one is disproved by the fact that it was 
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positive on repeated occasions when the controls were negative and became per- 
manently negative after splenectomy; this patient who was Rh positive never 
had any transfusions previously—further proof that Hr immunization could not 
have played a role either. 

Not all cells giving a positive developing test have a spherocytic shape. 
Although spherocytes are sometimes observed in erythroblastosis fetalis,®® °* in 
many eases of this disorder spheroidicity is not demonstrable on the film. 
Furthermore, cases of acquired hemolytic anemia in adults have been observed 
where spherocytosis was absent but the Coombs test was positive..* Whether 
coating and alteration in shape can be correlated to specific antibodies requires 
further studies, 

The demonstration of a positive Coombs test in hereditary hemolytic anemia 
diminishes the value of this test as a means for the differential diagnosis between 
the congenital and the acquired spherocytic anemias. Since a positive develop- 
ing test is indicative of an existing immunologic mechanism, a negative test 
excludes such a condition and speaks strongly for familial spherocytic anemia if 
drugs and other obvious hemolytic agents can be ruled out. Table VI contains 
a summary of the disorders in which the performance of the developing test may 
be of diagnostic value. In our opinion the developing test should become a neces- 
sary requirement in diagnosing hemolytic syndromes. If positive, the hemolytic 
anemia should be designated as being of the ‘‘immunologie’”’ type. Such an 
immunologic hemolytic anemia may even be found superimposed on hereditary 
spherocytosis. 


TABLE VI. THe DEVELOPING TEST IN THE HEMOLYTIC ANEMIAS; 
RESULTS OBTAINED SO F'AR10-18 








POSITIVE DEVELOPING TEST NEGATIVE DEVELOPING TEST 





(A) Acquired spherocytic hemolytic anemias 
(1) Idiopathic 
(2) Symptomatic (Hodgkin’s disease, 
leucemia, lymphomas, Boeck’s sar- 
coid, Gaucher’s disease,* ovarian 
tumors,* etc.) 
(B) Hereditary spherocytosis (occasionally) 


(A) Hereditary spherocytosis 

(B) Spherocytic anemia due to physical or 
chemical factors (burns,* sulfa drugs, 
phenylhydrazine* ) 

(C) Sickle cell anemia 

(D) Cooley’s anemia 

(E) Paroxysmal nocturnal hemoglobinuria 








(C) Tsoimmunization due to known immune 
bodies Rh, Hr; A, B; (M*) 
(1) Erythroblastusis fetalis 
(2) Sensitization following transfusion 








*Not actually determined yet but assumed on the basis of other evidence. 


SUMMARY 


1, The developing (Coombs) test, using an antihuman globulin rabbit serum, 
demonstrates the presence of globulin antibodies adsorbed to the surface of 


erythrocytes. Thus ‘‘coated’’ and ‘‘uncoated’’ red cells can be distinguished. 

2. Sixteen cases of spherocytic hemolytic anemia were investigated. All the 
seven cases of idiopathic acquired type and one case of symptomatic hemolytic 
anemia (reticulum cell sarcoma) gave a positive test. The result was negative 
in one patient with hemolytic anemia caused by a sulfa drug, Of the seven 
patients with hereditary spherocytosis, six showed a negative developing test. 
whereas one severely ill patient displayed a strongly positive reaction. 
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3. Splenectomy in the acquired cases resulted either in disappearance of the 
coated spherocytes or the coated celis remained demonstrable, although the 
pathologie hemolysis ceased. 

Splenectomy in the ease of hereditary spherocytosis with a positive Coombs 
test led to disappearance of the coating although spherocytosis persisted. This 
finding demonstrates that two different mechanisms were operating in this 
particular case. 

4. A positive developing test indicates the presence of immune bodies. The 
immune bodies which occur in spherocytic anemias are qualitatively different 
from the antibodies directed against the Rh-Hr antigens. A method is described 
to distinguish these two categories of antibodies. 

5. The existence of ‘‘coated’’ and ‘‘uncoated’’ spherocytes is explained by 
the hypothesis of the multiple origin of spherocytes. In the hereditary type of 
hemolytic anemia, uncoated cells develop in the marrow under genetic control, 
whereas in the immunologic variety, spherocytes are formed after contact with 
coating antibodies originating in the spleen and/or other organs. Spherocytosis 
caused by physical and chemical factors will result from the exposure of normal 
red cells to these agents either intravascularly or within damaged tissues. 

6. The theory of specific splenic hemolysis is advanced in order to explain 
the role of the spleen in spherocytic hemolytic syndromes as contrasted to the eur- 
rent hypotheses of hypersplenism. Participation of the spleen in physiologic red 
cell destruction is considered negligible. Splenic hemolysis is predominantly 
involved in the spherocytie hemolytic syndromes. In the hereditary disorder the 
spleen selectively removes the uncoated pathologie cells. In the immunologic 
variety the spleen produces the coating antibodies which probably injure the cells 
and render them spherocytic. Conceivably the cells may then be destroyed 
within the spleen by an inereased concentration of antibodies in this organ. 

7. The finding of a persistently positive developing test following splenec- 
tomy indicates that the production of antibodies may occur in other tissues also. 
The fact that splenectomy stops the pathologic hemolysis in some patients with 
acquired hemolytic anemia and does not in others may perhaps be explained on 
a quantitative basis. If the formation and release of damaging immune bodies 
proceeds on a larger scale in the extrasplenie tissues, splenectomy will not be 
successful. However, our present understanding of these mechanisms is still 
incomplete. The possibility exists that qualitative differences in the coating 
antibodies and their associated damage to the red cells may also be of importance. 

8. The demonstration of a positive Coombs test in hereditary hemolytic 
anemia diminishes the value of this test in the differential diagnosis between 
hereditary and acquired spherocytie anemia. Since a positive developing test 
is indicative of an existing immunologic mechanism, a negative test speaks 
strongly for familial spherocytosis if drugs and other obvious hemolytie agents 
ean be ruled out. 

9. The developing test should become a necessary requirement in diagnosing 
hemolytic syndromes. If positive, the hemolytic anemia should be designated as 
being of the ‘‘immunologic’’ type. Such an immunologic hemolytic anemia may 
even be found superimposed on hereditary spherocytosis. 
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HYPERTENSION DURING BLOOD TRANSFUSIONS FOR 
HEMORRHAGIC SHOCK IN A PATIENT WITH 
UNILATERAL RENAL ISCHEMIA 


Eimer L. DEGowIN, M.D. 
Iowa City, Iowa 


URING the last twenty years the investigations of Goldblatt and many 

others have firmly established the main outlines of the humoral mechanism 
of renal hypertension. When renal ischemia occurs from any cause, renin is 
elaborated in the parenchyma of the kidney and is released into the blood 
stream. Renin itself has no vasopressor action but it combines with hyper- 
tensinogen (renin activator), which is normally present in excess in the plasma 
and lymph, to produce hypertensin (angiotonin). This latter substance has 
a definite vasopressor effect. A hydrolyzing enzyme, hypertensinase (angioto- 
nase), is present in various tissues and has the property of destroying or in- 
activating hypertensin. This agent is found in highest concentration in the 
intestine, kidney, pancreas, spleen, liver, and erythrocytes. It is present in 
only small amounts in blood plasma and serum. 

Sapirstein, Ogden, and Southard! demonstrated a renin-like substance in 
the blood of dogs.during severe hemorrhagic shock. Later they? proved that 
the arterial hypotension associated with extensive loss of blood in the dog was 
caused partly by exhaustion of renin activator (hypertensinogen). The in- 
jection intravenously of relatively small volumes of renin activator, prepared 
from the globin of ox plasma, would temporarily restore the blood pressure 
to normal. 

Dogs in severe grades of hemorrhagie shock were studied by Collins and 
Hamilton® who found that the renin substrate (hypertensinogen) increased 
progressively in animals from which the kidneys previously had been removed. 
In intact dogs there was an initial rise in the concentration of renin substrate 
which was later followed by a significant reduction below normal as hemorrhage 
proceeded, They also obtained evidence of increases in the concentration of 
a substance giving the pharmacologic reactions of angiotonin (hypertensin). 
Late in the course of shock there was a secondary diminution in angiotonin 
which was attributed to exhaustion of the renin substrate. 

By injecting renin and angiotonin into dogs in hemorrhagic shock, both 
before and after transfusions of blood were given, Middleton‘ showed that there 
was little support for the conclusion that there was a deficiency of renin sub- 
strate (hypertensinogen). He concluded that the renin-hypertensinogen 
mechanism was not involved in the occurrence of circulatory failure in shock 
and that the return of response to renin or hypertensin during cireulatory 
failure remained unexplained. 
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The effect of blood transfusions on the blood pressure of human beings in 
hemorrhagic shock has been observed thousands of times. Although there may 
be an increase in the amount of renin produced during shock or an exhaustion 
of hypertensinogen, the transfusion of either fresh or preserved human blood 
usually does not result in hypertension in the patient in shock. It was therefore 
of particular interest to encounter a rare combination df circumstances which 
enabled observations to be made upon a man who received forty blood trans- 
fusions in the treatment of hemorrhagic shock. During and after many trans- 
fusions the arterial tension rose to abnormally high values for several hours. 
Autopsy subsequently revealed the presence of a ring of malignant lymphoma 
around the left renal artery in such a manner as to produce narrowing of the 
lumen. 

CASE REPORT 


Dr. F. E. W., Hospital No. 43-9556, a 53-year-old male teacher of veterinary medicine, 
was examined in the University Hospitals Aug. 30, 1943; he complained of pain in the lower 
back and abdomen. In March 1942 he had developed painless swelling of the lymph nodes 
in the right side of the neck. Biopsy of a lymph node had been diagnosed as lymphoblastic 
lymphoma and x-ray irradiation of the cervical region had resulted in the complete disappear- 
ance of palpable nodes in the region. Thereafter he had felt well until a few weeks before 
admission to the hospital when he experienced diffuse transient pains in the abdomen. He 
developed severe pain in the lower back which was augmented in the supine position and 
necessitated sleeping in a chair, The pain became more intense when the spine was hyper- 
extended. There had been no radiation of pain in the distribution of the sciatic nerves. 
Several days before admission he had noted that the feces became black and his skin slightly 
pale. 
The physical examination revealed a well-developed and well-nourished man who was 
not in acute distress. The skin and mucous membranes were pale. There was no cyanosis, 
dyspnea, or icterus. The pupils reacted to light and accommodation; the ocular fundi were 
negative. There was no evidence of arteriosclerosis of the retinal vessels. The nose, ears, 
teeth, and tongue were normal. No lymph nodes or other masses were palpable in the neck. 
The thorax was symmetrical. The heart was normal in size, rate, and rhythm. No murmurs 
were heard. The arterial blood pressure measured 130/80. The lungs were normal from 
percussion and auscultation. The abdominal wall was thick and well muscled. The area of 
splenic dullness was somewhat increased and a mass descended with inspiration beneath the 
left costal margin which was thought to be spleen. This was not tender. The liver was not 
palpable. There was no ascites. The genitalia and rectum were normal. The prostate 
gland was not enlarged. Feces removed during digital examination of the rectum were 
black and gave chemical tests for blood. There was pitting edema of the ankles to the depth 
of 1 mm. to 2 mm. The tendon reflexes were physiologic. There were no areas of tenderness 
along the spine. 

The initial urine specimen examined had a specific gravity of 1.020. It was clear, acid, 
and contained no albumin, glucose, or blood. The first blood count showed: hemoglobin, 
9.0 Gm. per 100 ml. (Haden-Hausser); erythrocytes, 2.57 millions per cubic millimeter; 
leucocytes, 6,750. The differential leucocyte count was 66 per cent polymorphonuclear 
neutrophiles, 1 per cent eosinophiles, 1 per cent basophiles, 27 per cent lymphocytes, 3 per 
cent monocytes, and 3 per cent unclassified cells. 

An x-ray examination of the chest and upper gastrointestinal tract was performed with 
the aid of a barium meal. The heart and great vessels were normal and there was no en- 
largement of the mediastinum. The lung fields were clear and the diaphragms were normal 
in position and function. There was no distortion of the stomach or duodenum although the 
fluoroscopist thought that the stomach was displaced anteriorly. The colon was examined 
radiographically with a barium enema but no abnormalities could be found. 
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The patient was admitted to a hospital bed on Sept. 1, 1943. A sigmoidoscopiec ex- 
amination was made the next day. No abnormalities were found except a polyp on the left 
wall of the rectum which was not bleeding. On September 3 an attempt was made to pass 
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a gastroscope but the procedure was abandoned when the instrument encountered an ob- 
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ction at the lower end of the esophagus. 








Sept. 12, 1943- 


Blood Pressure Associated With Blood Transfusions 
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The pain in the back and the upper abdomen had been increasing daily so that sleep 
was interrupted. X-ray irradiation of the splenic area and epigastrium was begun September 
4 and continued until September 10, During that time the patient was given 1,200 r to the 







retroperitoneal region and 800 r to the epigastrium in daily doses of 200 units on each side. 






Anorexia increased and the pain in the back and abdomen was augmented. In the evening 
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of September 10 the patient vomited 20 ml. of dark blood and passed a small amount of 
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blood per rectum, There was profuse diaphoresis and the volume of the pulse was temp- 
orarily diminished. The next day he vomited 150 ml. of dark red blood. He was found to 







belong to group O and was given a transfusion of 500 ml. of blood of homologous group 





preserved in a modified Rous-Turner solution.6 
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At 2350 hours on September 11, without warning, the patient vomited a large amount 
of blood and felt very weak. Thirty minutes later (at 0020 hours, September 12) there was 
another emesis of blood and the passage of a thin tarry stool. At 1030 hours there was more 
vomiting of blood and a feeling of thirst. An hour later the patient suddenly went into 
profound shock and became unconscious, There had been no abdominal pain but he was under 
the influence of morphine. Typical Kussmaul breathing developed and the blood pressure 


Sept. 13, 1943 
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measured 40/0, Fig. 1 depicts the response of the blood pressure to the transfusion of two 
liters of preserved blood. Consciousness was recovered at 1430 hours and the patient felt 
relatively comfortable for the rest of the day. That day the maximum value of the blood 
pressure after transfusion was 130/84. 

On September 13 the patient passed several stools of bright red blood between 1400 
and 1500 hours; he sweated moderately and complained of thirst. The blood pressure was 
72/40. One liter of preserved blood was transfused with recovery from shock in approxi- 
mately one and one-half hours. At 1800 hours the blood pressure was found to be 170/110 
(see Fig. 2). The measurements of arterial tension were checked several times within an 
hour and found to be correct. At 0830 hours on September 14 the blood pressure was still 
168/106. By 2000 hours the tension had declined to 120/80. No blood transfusions were 
given that day. 
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The patient again lost large amounts of blood on September 16. There was blood in 
the vomitus and stools and he went. into shock on two separate occasions. The response of 
the arterial tension to blood transfusions is indicated in Fig. 3. With the third transfusion 
of 500 ml. of blood, the arterial pressure rose from 90/42 to 180/130 in thirty minutes. 















Sept. 16, 1943, Blood Pressure With Transfusions 
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Fig. 3. 
During the fourth transfusion the blood pressure was augmented still further to 218/142 in 
another thirty minutes. 

Fig. 4 contains a summary of the transfusions of blood, the daily maximum and 
minimum blood pressure values, and the erythrocyte counts for most of the hospital stay. 
It will be noted that on September 19 the blood pressure measured 230/128 although the 
patient had received no blood transfusions for one and one-half days. The next day normal 





values were observed. 

On September 28 the erythrocyte count was 5.3 millions per cubie millimeter, in spite 
of the fact that there was daily bleeding from the gastrointestinal tract. Beginning 
2 the patient had a continuous low-grade fever with rectal temperatures ranging 
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from 100° to 103° F. On September 20 the blood urea nitrogen was 14.7 mg. per 100 ml. 
and the creatinine, 1.0 milligram, The carbon dioxide combining power of the blood was 
59.8 volumes per 100 milliliters. No further blood chemical studies were made. Urine 
specimens taken after transfusions were negative for hemoglobin. Six urine specimens were 
examined more completely, the last on September 29. The specific gravity ranged between 
1.018 and 1.025. The reaction was always acid. None contained albumin, glucose, or blood. 
No casts or pus cells were seen in the sediment. 

On September 30 the mass in the left upper quadrant of the abdomen was found to 
have enlarged considerably so that it protruded about four fingerbreadths below the costal 
margin, It seemed thicker than the spleen should have been with that degree of enlargement. 
By September 29 the patient was continuously disoriented and complained of terrible pain 
in the back and abdomen, There was frequent sweating, vomiting of blood, and the passage 
of bright red blood through the rectum. 


On several occasions the patient was questioned concerning measurements of blood 


pressure before he entered the hospital. He was an eminent scientist who had considerable 


knowledge of medicine and took a keen interest in the scientific aspects of his condition. 
He stated that he had been examined several times during the preceding eighteen months 
at various clinics and the measurements of blood pressure always had been reported as 


normal. 


TABLE I. DATA ON THE DONORS AND THE STORAGE OF TITEIR BLOOD FOR TRANSFUSION 
(ALL BELONGED TO GrouP O AND EACH TRANSFUSION WAS WITH 500 ML. OF BLOOD) 
DAYS OF DAYS OF 
DATE OF STOR- ILYPER- DATE OF STOR- HYPER- 
TRANS- AGE OF AGE OF TENSIVE TRANS- AGE OF AGE OF TENSIVE 
FUSION DONOR BLOOD EFFECT FUSION DONOR BLOOD EFFECT 
Sept. 11 31 17 R-T Absent Sept. 23 24 ; Present 
Sept. 12 53 IS R-T 25 
47 18 R-T Sept. 24 35 5 Present 
27 60 Absent Sept. 25 59 
25 6C 53 Present 
ZA 4C 51 
Sept. 33 5h. & Present 21 
40 4C Sept. 26 21 - Absent 
Sept. 30 3C Absent os 
Sept. 39 17 R- Sept. 27 27 
24 3C 28 Present 
26 eC Present At 
34 ZC 26 
44 14 R- Oct. 54 d Not observed 
Sept. 28 14 R- Not observed | Oct. ¢ 26 Not observed 
Sept. 2 2() 4C Present 23 
Sept. 39 sc Oct. 32 Not observed 
2() 4C Present 26 
4] 3c Oct. 5 42 Not observed 


33 3C 














R-T, Blood preserved in modified Rous-Turner Solution.® 
C, Blood stored in sodium citrate solution. 


Altogether the patient received forty blood transfusions of 500 ml. each. The blood 
was preserved in either a modified Rous-Turner solution® or it was collected in sodium citrate 
solution and given within a few hours or days. The patient belonged to group O and, of 
course, received only blood of that group. Typing of the Rh antigen was not performed. 
There was one questionable hemolytic reaction after transfusion; all others were uneompli- 
eated. The data on the donors whose blood the patient received are noted in Table I. 


Blood pressure measurements were not made on the donors. 
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POST-MORTEM FINDINGS 

A complete autopsy was begun one hour and forty minutes after death.* 

The body was that of a well-developed and well-nourished man, 166 cm. in length and 
weighing 79.5 kilograms (175 pounds). There were no skin lesions or edema. The super- 
ficial lymph nodes were not enlarged. 

Peritoneal Cavity—Before an incision was made a large mass could be seen and felt 
which occupied the left upper quadrant of the abdomen and the epigastric region. Section 
of the abdominal wall revealed good musculature and a layer of adipose tissue about 1.5 em. 
in thickness. Inspection of the peritoneal cavity disclosed a large nodular mass which oc- 
cupied the left upper quadrant. It was firm and white. It involved the entire stomach, 
pancreas, spleen, left adrenal gland, left kidney, the aorta and vena cava with their associated 
vessels, and retroperitoneal lymph,nodes. The mesentery of the transverse colon and the 
splenic flexure was adherent to the mass but there was no constriction of the lumen of the 
bowel. The small intestine, right adrenal, and right kidney were not involved. Some white 
strings of tumor tissue extended up into the hilus of the liver, 

When the stomach was opened the crater of an ulcer the size of a man’s fist was re- 
vealed in the posterior wall of the fundus. The ulcer had penetrated the spleen and ex- 
savated a cavity about 10 cm. in diameter and 5 cm. deep. The base of the ulcer lay deep 
in the spleen so that blood had passed freely from the splenic pulp into the stomach. 

The retroperitoneal lymph nodes were enlarged to measure between 3 em. and 6 cm. 
in diameter. They were soft, white, and cellular. They surrounded the aorta, vena cava, 
left renal vessels, the celiac axis, and the superior mesenteric vessels. The pancreas was 
completely surrounded by tumor. 

Microscopically it was seen that the normal architectural pattern had been completely 
replaced by a malignant neoplasm of the lymphoma group. The tumor, for the most. part, 
consisted of masses of lymphoblastic cells with a monotonously uniform pattern, since there 
were no attempts at follicle formation. The lymphoblasts were round or oval and rather 
pale-staining. Scattered among these cells, however, were numerous reticulohistiocytes in 
various stages of maturation. Many showed phagocytic activity. Scattered through the 
neoplastic tissue were several clumps of plasma cells. In other areas mononuclear cells, 
probably monocytes, were seen arising from the reticulum stroma, particularly where there 
was hyperplasia of the reticuloendothelial elements. Occasionally there occurred rather large 
collections of the so-called syncytial forms of primitive reticuloendothelial cells. These had 
dense masses of chromatin within the nuclei and only a slight amount of cytoplasm. These 
cells were arranged in cords and strands which separated the connective tissue stroma. 
Despite the various cell types present, the lymphoblasts obviously predominated and it was 
apparent that the tumor was fundamentally of reticuloendothelial origin in which maturation 
had been arrested at the lymphoblastic stage. However, occasional clusters of immature 
lymphocytes also were observed which indicated that further maturation had oceurred in 
some regions. 

Meny blood vessels, particularly in the spleen, were filled with neoplastic cells, so that 
tumor thrombi were conspicuous. Numerous normal and pathologic mitotic figures were ob- 
served, In general, the tumor appeared to be growing rapidly and was highly invasive. 
Local areas of necrosis, especially in the spleen, were found of which some were hemorrhagic 
from early infarction and others appeared older. 

Thoracic Cavity.—The left hemithorax contained 2,800 ml. of serosanguineous fluid. 
There were 100 ml. of clear yellow fluid in the right hemithorax. The left lung was collapsed 
and the right was somewhat emphysematous. 

Mediastinum.—Just above the bifurcation of the trachea was a white cellular lymph 
node about 4 em. in diameter. Strings of white friable tumor tissue descended from this 
through the diaphragm and were interpreted to be lymphatie trunks filled with neoplasm. 








*The pertinent gross findings were reported by Dr. C. J. Mikelson, while I am indebted 
to Dr. J. N. Carter of the Department of Pathology for the microscopic findings. 
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Heart.—The pericardial walls were smooth and glistening. The heart weighed 330 
grams. The chambers were not dilated. The wall of the left ventricle was 1.5 cm. in thick- 
ness; the right was 0.5 centimeter. The valve rings measured: aortic, 7.5 em.; pulmonic, 
7.8 cm.; mitral, 10.0 em.; and tricuspid, 11.8 centimeters. The foramen ovale was closed. 
The epicardium, endocardium, columnae carneae, papillary muscles, chordae tendineae, heart 
valves, and coronary vessels were normal. 

Microscopic examination showed the epicardium to be thin and the epicardial fat 
abundant. There was no evidence of inflammation. The myocardium appeared virtually 
normal, There was no evidence of hypertrophy, infection, or infarction. 

Lungs.—The right lung weighed 400 grams. It was pale and the alveoli were slightly 
larger than normal. No lesions were found on section. The left lung weighed 420 grams. 
It was red, had the consistency of soft rubber, and sank when immersed in water. When 
sectioned, a red infarct about 8 mm. in diameter was seen which contained one small, soft, 
yellow area. 

Sections viewed microscopically showed focal aggregates of neoplastic cells in and 
beneath the pleura. The malignant cells extended a moderate distance into the parenchyma 
of the lung. Both arteries and veins were invaded by tumor cells. Focal atelectases were 
observed and adjacent to some were regions of compensatory emphysema. There was mild 
but definite thickening of the pulmonary arteries and arterioles. In one locus the parenchyma 
of the lung had been replaced by a mass of necrotic debris and hemorrhage. This area was 
well circumscribed and appeared consistent with an infarct about twelve hours old. 

Spleen.—The spleen could not be weighed accurately because it was embedded com- 
pletely in neoplasm and surrounded by adherent omentum, diaphragm, and body wall. It 
measured about 15 by 20 centimeters. The upper medial portion formed a dark base for the 
ulcer in the stomach and the excavation was the size of a half grapefruit. Sections showed 
firm yellow areas in the parenchyma which were a maximum of 8 mm. in diameter. Similar 


areas were barely visible to the naked eye. Very little red pulp was seen. No fresh infarcts 
were observed. The blood vessels at the base of the ulcer were patent and gaping, some of 
the lumens being 1 mm. to 2 mm. in diameter. The microscopic appearance is described 


under Peritoneal Cavity. 

Gastrointestinal Tract.—The esophagus was normal, but just above its entrance to the 
eardia of the stomach a neoplastic lymph node about 10 cm. in diameter was situated anterior 
to the vertebral column so that it probably obstructed the passage of the gastroscope. Large 
masses of retroperitoneal nodes were filled with neoplasm in such a manner as to displace the 
stomach anteriorly. The upper half of the posterior wall of the stomach was completely 
adherent to the mass and to the spleen. In the posterior wall of the gastric fundus was the 
mouth of the uleer which communicated with the interior of the spleen. This orifice was 
about 12 em. in diameter. The wall of the uleer was so thin that soon it would have ruptured 
into the lesser omental sac. 

The small intestine, colon, appendix, and rectum were normal except that the transverse 
and splenic portions of the colon were adherent to the spleen, although they were not invaded 
by neoplasm. 

Liver.—The liver weighed 1,900 grams. Section of the pedicle revealed white streaks 
extending into the parenchyma and yellow discrete areas measuring from 1 mm. to 4 mm, in 
diameter. 

Microseopically much of the parenchyma appeared to have been replaced by masses 
of malignant cells. For the most part, the largest aggregates of neoplasm were in the portal 
areas. However, contiguous and ramifying masses of tumor cells involved the central and 
the mid-zonal portions of the lobules. Mild fatty metamorphosis was present and there 
was active regeneration of liver cells in some areas, as evidenced by enlarged hyperchromic 
and frequently double nuclei. Small regions of necrosis were present. 

Pancreas.—This gland was surrounded by neoplastic tissue but microscopically the 
general architectural pattern seemed to be preserved. In several areas there was invasion 
of the gland by neoplastic cells, principally along the interlobar and interlobular septa. 
Small foeal necroses had occurred and one zone of fat necrosis was seen. Invasion of the 
blood vessels by neoplasm was observed. 
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Kidneys.—The left kidney weighed 150 grams. The parenchyma appeared normal 
to the naked eye. The hilus was embedded in a mass of neoplasm which formed a complete 
ring around the renal artery. Longitudinal section of the vessel showed it to be patent but 
it was apparent that the lumen was narrowed by compression of the constricting ring of 
tumor (see Fig. 5). 


Fig. 5.—Photograph showing section of abdominal aorta and left renal artery laid open. 
On extreme right is the hilus of the left kidney. The renal artery is completely surrounded 
by a ring of lymphomatous tissue so that its lumen is compressed. (Photograph slightly 
retouched. ) 


The right kidney weighed 150 grams. Under the capsule were two yellow wedge-shaped 
areas about 0.5 em. in diameter. The parenchyma was otherwise normal. 

Microscopically the architecture of both kidneys seemed to be well preserved. A few 
hyalinized and fibrosed glomeruli were present but most were within normal limits. Although 
there were a few degenerated tubules, most were virtually normal. There was no evidence 
of lower nephron nephrosis or nephritis. Many of the tubules, however, contained precipitated 
protein and granular debris. The interstitial tissue was not edematous and the vessels 
in the parenchyma were normal. The capsule and superficial cortical tissue of the left kidney 
was invaded by solid masses of malignant cells. Large areas of necrosis were present in the 
neoplastic tissue. In the right kidney was seen a recent infaret which appeared to be about 


forty-eight to seventy-two hours old. Surrounding this there was a conspicuous zone of 


hyperemia and acute cellulitis. 

Both pelves and ureters were normal and patent. 

Adrenals.—The right adrenal gland appeared normal both grossly and microscopically. 
The left was fixed to the tumor tissue. In the microscope the capsule was seen to be invaded 
and replaced by masses of neoplasm. In a few regions there was also beginning invasion of 
the superficial portion of the cortex. For the most part, however, the cortex was well pre- 
served. Foci of congestion were present in the medulla. 
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Blood Vessels—A few atheromatous plaques were seen in the aorta. In the upper 
abdomen the vessel was surrounded by neoplasm but there was no encroachment on the lumen. 
The greater portion of the left renal artery was surrounded by a thick collar of neoplastic 
cells, as seen microscopically. The cells had invaded and replaced the adventitia and were 
beginning to penetrate the media. For the most part, the neoplastic involvement was super- 
ficial. In some areas the intima was slightly thickened and the subintimal connective tissue 
was somewhat hyalinized. No thrombi were present. 

Diaphragm.—Microscopic sections showed invasion of the muscle bundles by strands 
and small masses of neoplastic cells. 

Brain, Genitalia, Gall Bladder, and Urinary Bladder.—These were entirely normal. 

Anatomic Diagnoses.— 

Malignant lymphoma, mixed type, predominantly lymphoblastic, involving the retro- 
peritoneal lymph nodes, spleen, liver, stomach, left kidney, left adrenal, pleura, and lung. 

Massive ulceration of stomach into spleen with hemorrhage. 

Recent infarcts of lungs, spleen, and kidneys. 

Serosanguineous pleural effusion, left. 

Partial collapse, left lung. 

Compensatory emphysema, right lung. 

Arteriosclerosis, generalized. 


DISCUSSION 


There can be little doubt that the patient did not have hypertension before 
the blood transfusions were given in the hospital. Several measurements of 
arterial tension were made before the onset of the severe hemorrhage by me 
and other members of the hospital staff and all values were found to be within 
the normal range. The patient had had several examinations by competent 
physicians in the eighteen months before admission to the hospital and hyper- 
tension had not been noted. Furthermore, the anatomie examination of the 
heart and blood vessels support the conclusion that essential hypertension was 
not a part of the elinieal picture. The myocardium was not hypertrophied 
and the chambers of the heart were not dilated. There were few atheromata 
in the walls of the aorta. The coronary vessels appeared normal. There was 
little sclerosis of the smaller vessels. 

All available evidence points to the conclusion that the transient episodes 
of arterial hypertension in this patient were caused by (1) the transfusions of 
blood, (2) the severe hemorrhage and shock caused by the erosion of splenic 
vessels with lumens of 1 mm. to 2 mm, in diameter and the loss of blood directly 
into the stomach, (3) the ischemia of the left kidney whose artery was con- 
stricted by a ring of neoplasm, or (4) a combination of two or more of the three 
factors. 

It is probable that preserved human blood contains some hypertensinogen, 
renin, and hypertensin. Kohlstaedt, Page, and Helmer® noted that renin 
activator (hypertensinogen) disappeared in five or six hours from dog’s blood 
kept at room temperature. It was present in similar blood stored at 10° C. 


for a week. However, blood transfusions have not been observed to produce 
hypertension in the usual clinical experience. The blood pressure is measured 
frequently in patients in hemorrhagie shock who receive blood transfusions as 
the principal method of treatment. Yet hypertension is not usually associated 
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with recovery from shock. If the experimental studies previously quoted can 
be applied to human beings in shock, it would seem that the loss of hyper- 
tensinogen by hemorrhage and the secretion of renin by the kidneys whose 
circulation is impaired are quantitatively not sufficient to produce an aug- 
mentation of arterial pressure above the normal when blood transfusions are 
given. 

The: unusual anatomic feature of the case under discussion was the com- 
pression of the left renal artery by neoplasm. Renal ischemia in comparable 
circumstances has been shown repeatedly to produce hypertension under ex- 
perimental conditions. It remains to relate this to the facts which are known 
about transfusion and hemorrhagic shock. It is conceivable that if some renin 
is produced by the otherwise normal kidney when the organism undergoes 
severe hemorrhagic shock, more renin might be produced with the same degree 
of circulatory failure if the renal artery were already constricted. Although 
experimental evidence is not at hand, it seems that this much must be assumed 
to explain the facts in this ease. 

Two alternatives are possible to explain the association of the hypertension 
with blood transfusion: (1) that the transfusions were merely coincidental, or 
(2) that the transfused blood replaced hypertensinogen lost in hemorrhage 
so that the increased amount of renin was furnished with substrate to produce 
hypertensin. 

Since in each instance of hemorrhagic shock in this patient blood trans- 
fusions were given, it does not seem possible from the data presented to choose 
between the alternatives of coincidence and the replacement of hypertensinogen. 
It cannot even be assumed that the patient was not in shock when the blood 
pressure was at hypertensive levels because Middletont demonstrated that renin 
or hypertensin had vasopressor effects in the shocked dog even in the presence 
of circulatory failure. In the light of his work the fact that some transfusions 
were not associated with hypertension in the patient cannot be construed as 
evidence that the donor’s blood lacked hypertensinogen or that the patient’s 
kidney was not producing an increased amount of renin. Middleton found that 
dogs in shock responded to renin and hypertensin at times but not at others 
and concluded that the cause of the irregularity was not yet elucidated. 


SUMMARY 


Observations on a patient with malignant lymphoma are recorded. Eroded 
blood vessels in the spleen led to extensive blood loss through a communicating 
uleer in the stomach. A ring of neoplastic tissue surrounded and compressed 
the left renal artery. During a period of twenty-five days the patient received 
forty 500 ml. blood transfusions after many of which the blood pressure as- 
cended to hypertensive levels for many hours. It is concluded that the com- 
bination of hemorrhagic shock and renal ischemia from renal artery compression 
caused an unusual inerease in the output of renin. No conclusion could be 
reached as to whether the occurrence of the hypertension after blood transfusion 
was coincidence or whether the donor’s blood supplied hypertensinogen which 
had been exhausted by hemorrhage. Only experimental studies on animals 
can completely elucidate this point. 
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THE EFFECT OF HEPARIN AND DICUMAROL IN INCREASING THE 
CORONARY FLOW VOLUME 


N. C. GitBert, M.D., anp L. A. NALEFSKI, M.D. 
Curicaco, IL. 


INTRODUCTION 


URING the past several years considerable interest has arisen in the results 
obtained in the treatment of coronary thrombosis with anticoagulant drugs. 
Several series of cases have been reported and important work has been carried 
out showing reduction of mortality and decrease in incidence of thromboembolic 
phenomena. This work has been amply reviewed by several authors, among 
whom are Wright, Marple, and Beck, Nichol and Page,? Parker and Barker.* 

The results obtained with Dicumarol and heparin so closely approximate 
those which we have obtained with other coronary vasodilator drugs, such as the 
xanthine series, that the question arises whether or not the results obtained with 
the anticoagulant drugs are not due to some effect other than their anticoagulant 
action. It did not seem altogether reasonable that the lower mortality and fewer 
embolic accidents now being reported in patients treated with heparin and 
Dicumarol were due to the anticoagulant action alone. 

When the patient is seen by the physician, the occlusion and the infarct are 
already an accomplished fact. Anticoagulant treatment cannot possibly aiter 
the already formed thrombus or have any effect upon the infarct itself, whatever 
effect it might have on future thrombotie processes. There is no definite evidence 
that the thrombus propagates or extends, and there is a great deal of evidence 
that the thrombus does not propagate. Foord,t who has made a careful study 
of thrombi occurring in coronary vessels, states that when the major coronary 
vessels are dissected out in toto, fixed in formalin, and decalcified, the length of 
the thrombus in the artery, in almost all cases, is a matter of only a few milli- 
meters, and only occasionally is a thrombosed portion found to be 1 em. in length 
in the right coronary artery. Another factor to be considered in the use of anti- 
coagulants is that many cases of occlusion are initiated by subintimal hemor- 
rhage. Wartman,° in a careful study of occluded coronary arteries, found 14.6 
per cent occluded solely by intramural hematoma, while an additional 34.2 per 
cent showed a combination of intramural hemorrhage and thrombosis. It is his 
current impression that subintimal hemorrhage is a rather common occurrence 
and ean be demonstrated if especially looked for. Doles® has reported treat- 
ing acute coronary occlusions with vitamin K with good results. 

Nichol,’ in discussing a paper by Falk® as well as his own results with 
Dicumarol therapy in patients with coronary thrombosis, stated that congestive 
failure of a severe degree is less frequent when Dicumarol is used. He also cites 
a number of patients with repeated coronary occlusions who, when placed on 
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daily continued doses of Dicumarol, showed no evidence of coronary insufficiency. 
When reported, these patients were under observation for periods ranging from 
six to thirty-three months. Coogan’ reports a similar experience with Dicumarol 
in the ambulatory management of six patients suffering from angina pectoris. 
This has been further confirmed by our own clinical observations of patients 
with coronary insufficiency who were treated with Dicumarol. It is hardly to 
be assumed that relief of pain in angina pectoris would be due to any anticoagu- 
lant action. It is much more reasonable to assume that relief is due to the 
coronary vasodilating action increasing the coronary flow. 

Cotlove and Vorzimer,'® in making serial prothrombin estimations in cardiae 
patients, concluded that little is known of the relation of the prothrombin activ- 
ity of the blood to the occurrence of intravascular thrombosis. They state that 
there is no evidence that an increase in prothrombin activity leads to thrombosis 
and that perhaps the abnormal acceleration of the dilute plasma prothrombin 
time which has been observed in cases of thromboembolism may be. entirely 
secondary to the thrombosis already formed. This study is substantiated by the 
work of Cummine and Lyons." 

In reviewing the clinical reports of coronary thrombosis receiving Dicumarol 
treatment, we felt that perhaps some additional factor was responsible for the 
unquestioned, improved results. We therefore instituted a series of experiments 
upon animals and upon the empty beating heart. We have been able to show 


that the use of heparin or Dicumarol increases the coronary flow volume. With 
heparin, the effect varies from no effect to moderate, depending upon the prepa- 
ration. Dicumarol, however, has a very definite and marked effect in increasing 
the coronary flow. The Dicumarol effect is equal to that of the xanthines and 
is of apparently longer duration. 


MATERIALS AND METHODS 


Healthy mongrel dogs of either sex were anesthetized with Dial and urethane, and 
under positive endotracheal oxygen pressure, the chest was opened parasternally on the 
right. The right auricular appendage was nicked, and a modified Morawitz-Zahn cannula 
was inserted into the coronary sinus. This technique for measuring coronary flow is simple. 
It requires only a matter of three to five minutes to insert the cannula and for the blood 
to appear in the measuring cylinder. There is a minimum of trauma and the reflexes are 
not disturbed. The authors recognize that this method does not measure total coronary 
flow, but it does properly show variations in flow. For this purpose, we think this method 
better than more elaborate methods in which greater trauma is incurred. 

During the heparin experiments, hirudin was used as an anticoagulant. During the 
Dicumarol experiments either hirudin or a heparin which was known to have no vasodilator 
effect was used. Blood pressure recordings were made, using a mercury manometer 
connected to a cannula inserted into a carotid artery. This method was considered ade- 
quate for these experiments. Empty beating heart experiments were performed, in which 
the dogs’ own blood was used for perfusing the coronary vessels, in order to show the 


changes in total coronary flow. 
RESULTS 


An aqueous solution of theobromine sodium acetate, freshly prepared each 
day, was used as a standard contro] in the experiments. If, after the intra- 
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venous injection of this drug, a prompt rise in coronary flow followed, it was 
considered that the apparatus was functioning properly. Fig. 1 illustrates a 
typical coronary vasodilator response to the theobromine. Table I shows the 
results of a single dose of theobromine on the coronary flow. 


Lo 
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Flow 














Fig. 1.—This tracing illustrates the usual increase in coronary sinus flow following an injec- 
tion of theobromine sodium acetate. 





TABLE I 








20 SECONDS 





BEFORE LATER* Yo CHANGE 

Coronary flow 18.9 53.0 180.0 plus 
(ml, per min.) 

Pulse 100 104 4.0 plus 

Blood pressure 72 74 2.8 plus 


(mm, mercury) 





a 





*Dog 3, 60.0 mg. theobromine sodium acetate given I. V. 
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Following the same technique as with theobromine, heparin was used. As 
mentioned earlier, the effect with heparin varied from no effect to moderate, 
depending upon the preparation used. The sodium salt of heparin, which is 
used clinically, showed slight to moderate coronary vasodilator effect. The 
barium salt of heparin did not alter the rate of coronary flow, on repeated 


Coromary sinus 
y 
Flow 


Fig. 2.—Following the-administration of heparin, an increase in coronary sinus flow follows 
with little associated change in blood pressure and pulse. 


trials, at various dosages. It has been our experience that soluble barium salts 
have a vasoconstricting action upon the coronaries.’* It is reasonable to assume 
that the vasoconstricting action of the barium ion in the heparin preparation 
neutralizes the dilator effect of heparin. Fig. 2 and Table II illustrate the in- 
erease in coronary flow following intravenous administration of sodium heparin. 
The effect is not as marked as with the xanthines, but does show an increase in 
coronary flow of 77.6 per cent, with a fall in blood pressure of 2.7 per cent, and 
an inerease in pulse rate of 4.2 per cent. 
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TABLE II 








| 20 SECONDS 
BEFORE LATER* % CHANGE 
Coronary flow 17.0 30.2 77.6 plus 
(ml, per min.) 
Pulse 96 100 4.2 plus 
Blood pressure 74. 72 2.7 minus 
(mm, mercury) 








*Dog 2, 100 mg. heparin given I. V. 
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_ Fig. _3.—That Dicumarol is a strong coronary vasodilator is shown by this kymograph 
tracing. The increase in coronary sinus flow following Dicumarol appeared to be of longer 
duration than that produced by xanthines. 


In the Dicumarol experiments, the disodium salt of Dicumarol was prepared 
from a Dicumarol base of high purity, melting at 288 to 289° C. This was 
diluted with physiologic saline solution and given intravenously. The effect of 
Dicumarol on coronary flow is illustrated in Fig. 3 and in Table III. This type 
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of reaction was consistently reproduced. It will be observed that the increase in 
coronary flow amounted to 116.5 per cent, whereas there was no change in pulse 
rate, and there was a drop in blood pressure of 2.9 per cent. Dicumarol appeared 
to have a more prolonged action from the standpoint of vasodilatation than did 
the xanthines, although this is as yet not definitely determined. 


TABLE III 











20 SECONDS 
BEFORE LATER* % CHANGE 
Coronary tlow 94.5 53.0 116.5 plus 
(ml, per min.) 
Pulse 108 108 0 
Blood pressure 72 70 2.9 minus 
(mm, mercury ) 








*Dog 18, 50.0 mg. Dicumarol given I. V. 
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Fig. 1.—Following the injection of 5.0 ml. of the Dicumarol solvent no change in cardiac 
activity could be discerned. This tracing is typical of many trials 


- 
F 
‘ 
5 
: 
i 
é 











LAC NRE RACER ERE HES Le 


AC Beemer moe ey 


HEPARIN AND DICUMAROL IN INCREASING CORONARY FLOW VOLUME 803 


TABLE IV 








20 SECONDS 
BEFORE LATER* % CHANGE 
Coronary flow 21.0 21.0 0 
(ml, per min.) 
Pulse 84 84 0 
Blood pressure 82 82 0 
(mm. mercury) 


*Dog 10, solvent—2.5 ml. 1 per cent NaOH and 2.5 ml. 0.9 per cent NaCl. 








The solvent used to prepare the sodium salt of Dicumarol consisted of a 
0.075 normal solution of sodium hydroxide in physiologic saline. The solvent 
was shown to have no vasodilating effect of itself. It was critically investigated 
to find out if it could be responsible for any of the changes observed in coronary 
flow. It was proved inert and to have no effect on the rate of coronary flow, 
pulse, or blood pressure. Neither did it alter the anticoagulant effect of the 
Dicumarol. Prothrombin determinations, using the method described by Quick,"* 
were made on dogs receiving intravenous Dicumarol. The rate of prothrombin 
formation was depressed to the same extent by parenteral and oral methods of 
medication, using similar doses of Dicumarol. Studies were made to see if the 
viscosity of the animals’ blood was altered by the Dicumarol or heparin. Using 
the Ostwald technique with blood containing various concentrations of Dicumarol 
and heparin, no change in viscosity could be observed. This was true after 
many days of medication. The sedimentation rate was not altered by heparin 
or Dieumarol. 

Further experiments were performed on the empty beating heart. This 
procedure has the advantage of giving total coronary flow. -The coronary arteries 
were perfused under suitable pressure with the animals’ own blood, to which 
heparin was added as an anticoagulant. No other blood was used in these experi- 
ments. Studies of the effect of heparin on the coronary vessels in the empty 
beating heart experiments were not made, as heparin was being used as an anti- 
coagulant. A heparin was used which did not have any coronary vasodilating ef- 
fect. In these experiments Dicumarol again showed the same effect in increasing 
the coronary flow as was evident in the experiments with the heart in situ. There 
was a prompt increase in flow, as illustrated in Fig, 5. This figure further shows 
that the amplitude and force were also increased. The change in amplitude 
appeared after the change in rate of coronary flow. This phase is being further 
investigated. 

DISCUSSION 


When xanthines first came into use, it was shown by Hedbom"™ that their 
action was directly upon the vessel wall. This was subsequently proved by 
experiments on strips of coronary artery by Eppinger and Hess, and quoted by 
Rabe.'® It is evident from the effects of Dicumarol shown in the empty beating 
heart experiments that the action is directly on the vessel wall. 

Bingham, Meyer, and Pohle,'’® in making toxicity studies on Dicumarol, 
reported marked dilatation of capillaries, small arteries, and veins in animals 
which had been given Dicumarol and later autopsied. They state, ‘‘The frequent 
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Fig. 5.—In the isolated heart experiment the total coronary flow shows a sharp increase in the 
rate of flow following the addition of Dicumarol to the perfusing blood. 


TABLE V 


20 SECONDS 
BEFORE LATER* % CHANGE 
Coronary flow 85.0 179 111.0 plus 
(ml. per min.) 
Pulse 128 148 15.6 plus 
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observation of profound capillary dilatation that follows administration of 
dicoumarin, even when only moderate doses are given, raises the question of a 
gross vascular factor in the hemorrhage manifestation of sweet clover disease 
in eattle.’’ Bollman and Preston" report similar results, and Dale and Jaques’® 
also state that they have confirmed the results of Bingham and his group. 


SUMMARY 


We have shown in these experiments that heparin and Dicumarol increase 
the coronary flow volume.” We believe that the beneficial results of these drugs 
in coronary thrombosis and in angina pectoris are due to the increase in coronary 
flow which accompanies their use. 
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THE ONE-STAGE AND TWO-STAGE PROTHROMBIN METHODS IN 
THE CONTROL OF DICUMAROL THERAPY, WITH 
REMARKS ON Ac-GLOBULIN 


JOHN H. OLwin, M.D. 
CuHIcaAGo, ILL. 


PURPOSE 


HE indications for the administration of Dicumarol have broadened in 

recent years, yet the effective methods for its control have not materially 
changed. Efforts have, for the most part, been directed toward developing 
a uniformly reactive thromboplastin for use in the one-stage method for pro- 
thrombin determination, or toward altering the original one-stage procedure 
as described by Quick’? to render it more uniform or more sensitive in re- 
flecting prothrombin variations. This paper deals with comparative results 
of the one-stage and two-stage prothrombin methods on the blood of dicu- 
marolized patients. In addition, early experience with the behavior of the 
Aec-globulin in dicumarolized patients is reported and suggestions are offered 
as to the possible relationship of this factor to disparities between the one- 
stage and two stage methods. 


GENERAL STATEMENT 

In the one-stage prothrombin method as described by Quick,'!? thrombo- 
plastin, calcium, and temperature are controlled factors. Possible variables, 
including antithrombin,’® antithromboplastin,’ fibrinogen,* * ?® heparin,” ? 
and the rate at which prothrombin is converted to thrombin,” 1% 1% 18 2% *1 are 
not controlled. The catalytic action of heparin on antithrombin” also may be 
a disturbing factor. In the two-stage method, dilution of the plasma ma- 
terially reduces the activity of the antithrombin®? and antithromboplastin.* 
Standardized fibrinogen solution is added in the two-stage test, and the two- 
stage principle, with the addition of Ac-globulin, eliminates as a variable the 
conversion rate of prothrombin. Heparin may be a variable in either test 
and in sufficient concentration will influence the results.* 


METHODS AND PROCEDURE 


This report is based on the study of 140 patients on Dicumarol therapy. 

In the first ninety-nine cases, the two-stage prothrombin method, as devised by Warner, 
Brinkhous, and Smith,22 was used throughout as the guide in administering Dieumarol. In 
the succeeding forty-one cases, the Ac-globulin factor was added according to the modification 
of Seegers.5 The former procedure will be referred to in this paper as the unmodified two- 
stage method, and the latter as the modified two-stage method. 

From the Department of Surgery, Presbyterian Hospital of the City of Chicago, affi- 
liated with the University of Illinois. 
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In ninety-five of the first ninety-nine cases, the one-stage test as described by Quick12 
was run in parallel* to the two-stage determination. In the other cases it was run at fre- 
quent intervals, usually initially and nearly always when the two-stage method gave a reading 
below 10 per cent of normal. In all instances the thromboplastin for the one-stage test pre- 
pared from acetone-dried rabbit brain met Quick’s requirements for this reagent. 

In ten of the first ninety-nine cases, the Quick test was run on plasma diluted to 12.5 
per cent of normal according to the method of Link and associates. In these, 5 per cent 
plasma was also used. 

In eighteen patients, Ac-globulin determinations were made according to the method 
of Ware and Seegers.19 Blood was drawn by venepuncture into 3.2 per cent sodium citrate 
(13 volumes to 2 volumes respectively) and processed as previously described.6 In seven of 
these the determinations were made from the beginning of the therapy, and in addition, the 
one-stage and two-stage prothrombin assays were made both with and without the addition of 
Ac-globulin. In the case of the one-stage test, the Ac-globulin was added by mixing 0.1 c¢.c. 
of beef serum, a potent source of the factor,19 to 0.9 ¢.c. of whole human plasma. The pro- 
cedure described by Quick12 will be referred to as the unmodified one-stage method, and the 
same procedure using 10 per cent beef serum will be designated as the modified one-stage 
method. 

Original doses of Dicumarol varied between 200 and 500 mg., depending on the original 
prothrombin level and the size of the patient. The following day 100 to 200 mg. were given, 
and the succeeding doses were varied according to the prevailing prothrombin level. After 
proper stabilization, prothrombin determinations were made at weekly intervals, and, in some 
cases every two weeks. If bleeding occurred, Dicumarol was stopped or the dosage reduced. 
In three instances, vitamin K was given intravenously in doses of 24 mg. at intervals of two 
hours until the prothrombin rose to nonbleeding levels. Periods of therapy varied up to a 
maximum of two years, with an average of sixty days. 


> 
; 


RESULTS 


In all cases the two-stage method, with or without Aec-globulin added, 
gave more uniform readings and provided for a more accurate maintenance 
of the prothrombin level (Fig. 1). In most instances it was ‘possible to main- 
tain the prothrombin within a bracket of 5 to 35. per cent of normal with an 
occasional reading above or below these extremes. With the unmodified two- 
stage test, the ideal prothrombin range was 10 to 20 per cent. When the 
modified two-stage procedure was used, the ideal range was 20 to 30 per cent. 


The one-stage method in some instances gave results parallel to and usu- 
ally higher than those of the two-stage test, but in most cases it varied widely 
from day to day (Fig. 1). The one-stage technique using 12.5 per cent and 
5 per cent plasma likewise gave widely varying results (Fig. 2). Bleeding 
occurred in 10.7 per cent of the patients. This usually consisted of hematuria, 
gross or microscopic. A fewer number showed subcutaneous hemorrhage or 
bleeding from the gastrointestinal tract. There were no instances of serious 
bleeding. Of nine patients on therapy during active menstruation, two bled 
longer and more profusely than ordinarily. The others noticed no variation 
from the usual period. 

In the seven patients on whom Aec-globulin determinations were made 
from the beginning of therapy, this factor dropped in the first few days and 


*Occasionally, owing to technical or personnel difficulties, a test, either one-stage or two- 
stage, was omitted. 
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returned toward normal by the end of twenty-one days (Fig. 3). The lowest 
level recorded was 28 per cent of normal. In eleven patients who had been 
on Dicumarol therapy for a period of three weeks or longer, some as long as 
eighteen months, there was no consistent variation from the normal. 


Comparative Levels of Prothrombin 
Using One-stage and Two-stage Methods 


D.M. 
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Fig. 1.—This chart represents the comparative prothrombin levels of a patient given 
Dicumarol for # thrombophlebitis of the leg. Note the wide variations between the results of 
the two methods. According to the two-stage test the patient was well controlled on about 
50 mg. of Dicumarol daily. Had the one-stage method been guiding the therapy, he might at 
several points have been given 200 mg. and the prothrombin depressed to bleeding levels. 
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In nearly all instances, the prothrombin estimate according to the un- 
modified two-stage method was 10 to 20 per cent lower than that of the modi- 
fied two-stage procedure (Fig. 3). This is consistent with the finding of Ware, 
Guest, and Seegers'® that an increase in Ac-globulin is accompanied by an 
increase in the quantitative yield of thrombin from purified prothrombin. 
Variations between the two were not uniformly altered by marked variations 
in the Ae-globulin level. That is, when the Ac-globulin was low, the difference 
between the two tests did not uniformly become greater as might be expected 
(Fig. 3). 

The same situation was obtained with respect to the one-stage test with 
and without the serum factor. The range of variation between the two was 
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greater, however, than that between the two types of two-stage tests, the 
widest difference being 52 per cent. This disparity did not uniformly follow 
variations in the Ac-globulin values (Fig. 3). 


Comparative Levels of Prothrombin 
Using One-stage and Two-stage Methods 
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Fig. 2.—This chart represents the comparative prothrombin levels of a patient given 
Dicumarol because of a coronary thrombosis. In addition to the two-stage and the one-stage 
whole plasma methods, the results of the one-stage-12.5 per cent plasma method are shown. 
The readings of the two former tests are given in percentage on the left-hand ordinate. The 
results of the 12.5 per cent plasma method are given in seconds on the right-hand ordinate. 
When the prothrombin is low, the “prothrombin time’ of the 12.5 per cent plasma would be 
expected to remain elevated. Neither of the one-stage tests is uniform as compared with the 
results of the two-stage method. 


In patients on Dicumarol therapy, the one-stage method usually gives a 
figure higher than that of the two-stage, with or without the serum factor. 
In the first week of therapy, however, this relationship may be altered and 
the one-stage give a lower figure than the two-stage (Fig. 1). In 85 per cent 
of the eases in which the unmodified tests were run in parallel, the one-stage 
on one or more days in the first ten days of diecumarolization gave a lower figure 
than the two-stage test. In 4.2 per cent, the rate of conversion of prothrombin 
in the two-stage test was increased. In all others it was unchanged. 
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COMMENT 


Properly controlled Dicumarol therapy provides for the maintenance of 
a patient within a desired prothrombin bracket. In this laboratory the two- 
stage method has made this possible, whereas the one-stage method on whole 
or diluted plasma by comparison has shown wide variations. It is believed 
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Fig. 3.—This chart shows the relative variations of the Ac-globulin levels as compared 
with the one-stage and two-stage prothrombin values during the early days of Dicumarol 
therapy. Note that the two-stage tests, modified and unmodified, parallel each other rather 
closely. The unmodified one-stage test early shows a level well below the two-stage level and 
later is well above the two-stage value. The Ac-globulin falls in the early days of therapy 
and has returned to normal by the end of nineteen days. Between the twenty-second and 
twenty-seventh days the patient failed to take dicumarol and the prothrombin returned toward 
its original level. When this again dropped toward therapeutic levels the Ac-globulin again 
dropped, and the one-stage prothrombin levels again dropped more rapidly than did the two- 
stage values. There is no uniform correlation between the variations between the modified 
and unmodified prothrombin methods and the <Ac-globulin values. The percentage values of 
the modified one-stage test are based on the time-percentage curve of the unmodified test. 


that instanees of fatal hemorrhage have occurred because of erroneous pro- 
thrombin estimates, and that variation in faetors other than prothrombin 
often are responsible for the one-stage result. This is less often true of the 
two-stage method. The one-stage test is of value, however, as a summation of 
the various clotting factors. In instances where the two-stage reading is 
below 10 per cent of normal, and the one-stage result is above 10 per cent, 
bleeding is not likely. When both are below 10 per cent, bleeding may be im- 
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minent. As long as the prothrombin level is above 1 per cent according to the 
two-stage test, the patient is never far below his bleeding threshold and bleed- 
ing may be controlled by proper measures. 

Fahey, Olwin, and Ware® found a drop in the Ac-globulin in the plasma 
of dogs during the first ten to fourteen days of dicumarolization. This was 
followed by an elevation above the normal, and then a return to normal levels 
during subsequent therapy. The same authors,® studying human patients, 
found a drop in this factor during the early phases of dicumarolization and a 
return to normal after three weeks. The reason for this fall in Ac-globulin 
during the early stages of dicumarolization is not clear. If the factor is in- 
timately associated with the prothrombin molecule, it might be expected to 
remain at a low level throughout Dicumarol therapy. Regardless of extremely 
low prothrombin levels, however, after the first three weeks in all cases studied 
the Ac-globulin remained within normal ranges. Of practical consideration is 
the possibility that it might be a factor in hemorrhage if the prothrombin is 
early reduced to a low level. 

Hurn, Barker, and Mann’ found that early in the dicumarolization of pa- 
tients the one-stage method always showed a lower figure than did the two- 
stage, and suggested that this would seem to indicate a decreased rate of con- 
version of prothrombin to thrombin. Owen and Bollman," using dogs, found 
that when the one-stage yielded lower results than the two-stage, the conver- 
sion of prothrombin was delayed. When the tests agreed, the conversion rate 
was normal, and when the one-stage gave a higher result, conversion rates 
were accelerated above normal. They suggested that the discrepancy between 
the one- and two-stage tests appears to reside in a conversion factor. 

The drop in Ac-globulin during the early stages of dicumarolization would 
support this premise. The Ac-globulin remains depressed, however, longer 
than the one-stage level remains below the two-stage. It might be expected 
that the addition of serum rich in Ac-globulin to human plasma would ma- 
terially lessen the difference between the results of the one-stage and two- 
stage tests. In this study such was not the case. Furthermore, in this lab- 
oratory in most cases there was no change in the rate of conversion of pro- 
thrombin to thrombin when the one-stage test gave a result lower than that 
of the two-stage. It is possible that other factors in the beef serum or human 
plasma may influence the activity of prothrombin. It is also possible that 
Dicumarol may influence factors other than prothrombin and <Ac-globulin. 
The problem will require further study. 


SUMMARY 


1. The two-stage prothrombin determination provides for a more accurate 
and a safer control of prothrombin during Dicumarol therapy than does the 
one-stage method. 

2. The one-stage method is of value, however, in estimating the summa- 
tion of the various clotting factors. A reading of below 10 per cent by the 
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two-stage test does not necessarily mean that hemorrhage is imminent, par- 
ticularly if the one-stage gives a reading of above 10 per cent. 


3. In seven patients studied from the beginning of therapy, the Ac-globu- 
lin values fell during the early days of dicumarolization and returned toward 
normal by the end of twenty-one days. In patients who had been on therapy 
over longer periods of time, some as long as eighteen months, there was no 
material variation from the normal. 

4. The addition of beef serum in small amounts to both the one- and two- 
stage tests raises the values obtained for prothrombin. Variations between 
the modified (with serum added) and unmodified (without serum added) 
methods do not follow fluctuations in the Ac-globulin values as obtained in this 
study. Neither do the fluctuations between the one-stage and two-stage tests. 
These findings would suggest that other factors in addition to Ae-globulin 
are responsible for the disparity between the one-stage and two-stage methods. 
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THE CAUSES FOR REJECTIONS OF BLOOD DONORS 
A STATISTICAL STUDY 


Ceci, M. ZUKERMAN, M.D. 
DAVENPORT, IOWA 


HE purpose of this paper is to present a statistical report of the causes 

for rejections of blood donors. Taylor and Heiss’? in previous papers 
have presented statistical reports covering the entire blood donor service of the 
American Red Cross. 

It was felt that a more detailed report from a single large blood donor 
center might be of value at this time when blood procurement for civilian use 
is being undertaken.” * * 6 

The blood donor requirements used in this study were those set forth in 
the Technical Manual by the Technical Director of the American Red Cross 
Blood Donor Service.‘ 

This report covers a seventeen-month period from January, 1944, through 
May, 1945, on donors who reported to the fixed center and the mobile unit of 
the American Red Cross Blood Donor Center of Chicago. Included in this 
report are causes for rejections whether permanent or temporary. During this 
period our percentage of repeat donors varied between 48 per cent and 62 per 
cent. The data presented no doubt include some duplications due to the fact 
that each time a donor registered, a new number was assigned that donor. 

A brief history and a preliminary examination was made on each donor 
prior to acceptance or rejection to rule out any acute infection or serious chronic 
illness. 

A brief explanation of each donor requirement is presented. 

A. Age. No donor was acceptable who was over 60 or under 18 years of 
age. 

B. Minors. A minor was not acceptable unless he had a standard form 
signed by parent or legal guardian. 

(. Underweight. The minimum weight for a donor was 110 pounds. 

D. Anemia. This term was used to classify those donors who did not meet 
our hemoglobin requirement by our methods and our technique. In this eate- 
gory fell the highest number of rejections—49.84 per cent of all rejections. 
Krom January, 1944, until May, 1945, the Tallquist method for hemoglobin 
determination was used and a level of 80 per cent was necessary for acceptance. 
From May, 1945, on, the copper sulfate method* was used and it was necessary 
to have a level of approximately 12.3 Gm. to be acceptable. 

K. Hypertension. The upper limit of the systolic pressure was 200 and 
the upper limit of diastolic was 110. 

I’, Hypotension. No donor was acceptable whose systolic pressure was 
below 100. 


Data for this study were obtained from the American Red Cross Blood Donor Center, 
Chicago, Ill. 
Received for publication, Feb. 18, 1949. 
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G. Fatty foods. Donors were refused or postponed who gave a history of 
having a fatty meal three to four hours prior to donation. This was done to 
avoid lipemia, and there also was noted a tendency of reactions with gastro- 
intestinal complications in donors who had eaten a heavy meal. 

H. Heart rate over 100 or under 60 (rejected). If any irregularity of 
pulse occurred, the donor was checked by the physician in attendance and ac- 
cepted or rejected according to his judgment. 

I. Temperature over 99.5 was not acceptable. 

J. Venepuncture in past eight weeks. Donors were allowed to donate 
every eight weeks and were allowed five donations in a twelve-month period. 

K. Cold in past week. No donor with cold was acceptable to prevent false 
positive serologic reaction or transmission of disease in blood. 


L. Other recent illness or major surgery. Donors were rejected who had 
had pneumonia, yellow fever, dengue, or virus infections during the past six 
months. A donor was postponed until six months after major surgery. Minor 
surgery—judement of the physician in attendance. 


M. Diabetes. Anyone giving a history of diabetes was not acceptable even 
though the disease was controlled at that time. 

N. History of skull fractures or severe head injury with subsequent symp- 
toms. These donors were rejected: there seemed an increased tendeney toward 
syneope in this group of donors. 

O. Psychosis and psychoneurosis. 

P. Other chronic illness. Malta fever, marked arteriosclerosis, history of 
liver disease, chronic renal disease, cerebral or coronary thrombosis were cause 
for rejection. 

Q. General physical debility. General appearance of the donor as he ap- 
peared to the physician in attendance. Even though he met the minimum 
requirements, the donor was rejected if deemed a ‘‘poor risk’’ by the physician 
in attendance. 

R. Pregnaney or childbirth. No pregnant women were accepted or those 
who had delivered within the past nine months. No donor was accepted who 
had misearried within the preceding six months. 

S. Malaria. Any donor who had had malaria in the past fifteen years was 
not acceptable. 

T. Infectious or indeterminate jaundice or contact with one with jaundice. 
Any donor who had jaundice within the past six months was disqualified. Each 
donor was asked whether any member of the immediate family had had jaundice 
within the past six months. A donor with contact was judged for acceptance 
only if it was obvious that the jaundice was not of the infectious type. A donor 
with jaundice in the immediate family was accepted only if there had been no 
contact. Taylor and Heiss? in their report found that in questioning three 
million donors, 325 gave a history of jaundice in the past six months. Gross- 
man and co-workers’ present data which seem to indicate that a causative 
agent for hepatitis was being transmitted to patients through the medium of 
blood plasma and whole blood transfusion. | 
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TABLE I 








MEN WOMEN TOTAL 

Number of donors 158,858 216,910 375,768 

, Number rejected 15,865 63,876 79,741 
Per cent of rejections 9.98 29.44 21.22 











TABLE IT 








MEN WOMEN 
NUMERICAL NUMERICAL 
SEQUENCE PER SEQUENCE PER 
NUM- | OF CAUSE | CENT NUM- | OF CAUSE | CENT 
BER RE-| OF RE- RE- | BER RE- OF RE- RE- 

CODE JECTED} JECTIONS | JECTED | JECTED | JECTIONS | JECTED] TOTAL 

. Ages over 60, under 18 155 13 98 87 19 14 242 
. Age 18-21. No written 141 14 .89 623 11 98 764 
permission 

. Underweight 496 10 343 4,486 7.02 4,982 
. Anemia 1,892 11.93 | 38,005 59.50 | 39,897 
. Hypertension 1,647 é 10.38 2,420 j 3.79 | 4,067 
. Hypotension 477 3.01 3,698 9.79 | 4,175 
. Fatty foods 94 OY 193 5 .30 287 
. Pulse rate over 100 or 1,460 : 9.20 3,944 : 6.17 | 5,404 
under 60 

. Temperature over 99.5 497 ‘ 3.13 | 2,184 7 2,681 



































J. Venepuncture in past 115 5) 72 59 ‘ 174 
8 weeks 
. Cold in past week - 4,197 26.46 3.073 é 7,270 











. Other recent acute ill- 1,031 j 6.50 988 2,019 
nesses or major 
surgery 

. History of diabetes 64 40 51 

. History of skull frac- 47 .30 28 
ture or severe head 
injury and subse- 
quent symptoms 











. Psychoses and Psycho- 
neurosis 
. Other chronic illnesses 








. General physical de- 
bility 

. Pregnancy or childbirth 
within last 9 mo. 

. Malaria 

. Infectious and indeter- 
minate jaundice or 
contact with jaun- 
dice 

. History of frequent 
vertigo, syncope, 
convulsions 

’, Donor refused vene- 
puncture 




















7. Valvular heart disease 

. History of anemia 

. History of tuberculosis 

. Other causes for re- 
jections: miscel- 
laneous 
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U. History of frequent attacks of vertigo, syncope, or convulsions was 
cause for rejection. 

V. Donor refused venepuncture. Occasional donors would change their 
minds about donation after they entered the bleeding room. 

W. Any donor who gave history of valvular heart disease was checked 
by the physician in charge. Each donor was questioned about shortness of 
breath, swelling of feet or ankles, persistent cough and pain in chest; final 
decision was made by physician in charge. 

X. History of anemia. If at all suspicious, donor was rejected. 

Y. History of pulmonary tuberculosis (rejected). Questions regarding 
extrapulmonary tuberculosis were referred to the physician in charge and each 
case was decided on the extent of lesion and time elapsed since its occurrence. 

Z. Other causes for rejections: 

(a) Rabies treatment within last five years. 

(b) Chronic sinusitis or hay fever in acute stages. 

(ec) Donors who had had extensive or prolonged sulfa therapy. 

(d) Severe or septic sore throat in preceding three months. 

(e) Vaccinations for smallpox or other immunizations recently. Smallpox 
may produce false positive serology. 

(f) Army flight personnel were not acceptable donors. 

(g) Filariasis. 

In Table I is presented the total number of donors registered and rejected. 

In Table II are presented the causes for the preceding rejections. 


SUMMARY 
1. In our report covering a period of seventeen months of operation at the 
Chicago Blood Donor Center, 375,768 donors reported to the fixed center and 
mobile units. 
2. This group was represented by 158,858 men (42.27 per cent) and 
216,910 women (57.73 per cent). 
3. The rejection or postponement rate was 9.98 per cent in men and 29.44 
per cent in women. 
4. The greatest causes for rejections for any single condition were recent 
colds in men and anemia in women. 
5. It is hoped that this study will be of value in the future procurement 
of blood donors. 
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DISTRIBUTION OF EMETINE IN TISSUES 


Leo G. Parmer, M.D., Pu.D.,* AND Curisty W. Corrri.y, B.S. 
WASHINGTON, D. C. 


HE alkaloid emetine is obtained from ipecae or prepared synthetically by 

methylation of cephaelline. Ipecac has been used in the therapy of diarrheas 
for more than 300 years and its alkaloids were investigated more than 100 years 
ago. The specific usefulness of ipecae in amebie dysentery was disclosed only 
after the discovery in 1875 that Endamoeba histolytica was the causative organ- 
ism of this disease. Vedder in 1912 demonstrated that high dilutions of emetine 
were capable of killing EF. histolytica. It remained for Rogers? soon thereafter 
to prove the value of parenteral emetine injections in the treatment of amebiasis. 

In 1920 Mattei* in Irance reported, without disclosing his method of 
analysis, that emetine appeared in the urine within twenty minutes after in- 
jection and the excretion lasted for from five to nine weeks. Despite the fact 
that there are numerous papers dealing with the pharmacology and toxicity of 
emetine, no papers dealing with distribution of the alkaloid in animal tissues 
are reported. It is the purpose of this paper to present the data on the dis- 
tribution of emetine in tissues of rabbits. 


EXPERIMENTAL 


Method.—Each of fifty-seven albino rabbits weighing about 2.5 kilograms was injected 
intramuscularly with 6 mg. per kilogram of emetine hydrochloride in aqueous solution. 
(Higher doses frequently resulted in the death of the animals.) The animals were sacrificed, 
in groups of three at intervals varying from one half hour to sixty-four days after injection, 
as shown in Table I. The following organs were analyzed for emetine: brain, leg muscle, 
heart, mesenteric lymph node, liver, spleen, kidney, lung, and a portion of large intestine 
freed of feces. The organs of six noninjected rabbits were analyzed to determine the range 
of the blank determination. Those results which fell within the blank range were considered 
as zero. 

Determination of Emetine.—The method used in this study was adapted with some 
modifications from the general method of Brodie and co-workers4 for the determination of 
organic bases in biologic material by salt formation with methyl orange. It depends upon 
the extraction of emetine from an alkaline medium by benzene, combining the base with 
methyl orange, extracting with acid the methyl orange salt formed, and measuring photo- 
metrically the amount of color due to the salt. 

Reagents.—1. Standard solution of emetine—20 mg. per 100 cubie centimeters. 
Twenty milligrams of emetine hydrochloride are dissolved in 100 ¢.c. 0.01IN HCl. This solu- 
tion is stored in a refrigerator and keeps for weeks. 

2. Metaphosphoric acid 6.5 per cent. 

3. Saturated solution of sodium hydroxide. 

. Benzene. A reagent grade is redistilled. 

5. Isoamyl aleohol. A reagent grade is redistilled. 

6. Methyl orange solution, Prepared accord’zxg to Brodie and associates.4 

From the Pharmacology Section, Army Medical Department Research and Graduate 
School. The assistance of M/Sgt. Norman Gorin is gratefully acknowledged. 

Received for publication, Feb. 7, 1949. 

*Present address: U.S. Food and Drug Administration, 201 Varick St., New York, N. Y. 
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TABLE I, RECOVERY OF EMETINE AFTER ADDITION OF 5 wG TO 0.2 GM. OF TISSUE 











TISSUE | EMETINE FOUND (uG) | RECOVERY (%) 
Brain 5.0 100 
Lung 4.9 98 
Lymph node 4.0 80 
Spleen 5.1 102 
Liver 5.6 112 
Heart 5.3 106 
Large intestine 3.3 106 
Kidney 5.1 102 
Muscle 4.8 96 





Procedure.—Take a known weight of tissue and grind with 20 vol. of 6.5 per cent 
metaphosphoric acid in a Waring Blendor. Grind soft tissue (brain, lung, ete.) forty-five 
seconds and other tissue (liver, kidney, ete.) for one minute. Filter and use 3 to 6 c.c. of 
filtrate for the determination. Add 3 to 6 ¢c. of filtrate (containing up to 20 ug of emetine) 
to a 30 cc. glass-stoppered cylindrical separatory funnel, Add 1 e.c. of saturated NaOH 
and shake to neutralize the metaphosphoric acid and to have an alkaline solution for the 
extraction. Add 15 ¢.c. of benzene and shake for five minutes on a shaking apparatus; then 
allow the phases to separate by standing forty-five minutes to one hour. Add 0.25 e.c. of 
isoamyl alcohol and mix well with only the benzene phase, taking great care not to disturb 
the aqueous phase. Draw off the latter and transfer all of the benzene phase to a screw- 
capped test tube to which has been added 0.25 ¢.c. of methyl orange. Cap and shake in a 
shaking apparatus for five minutes and then centrifuge at 1,000 r.p.m, for ten minutes. 
Transfer 10 ¢.c. of the benzene phase to a glass-stoppered centrifuge tube to which have been 
added 3 ¢.c. of IN HCl. Shake five minutes and then centrifuge for five minutes at 1,000 
r.p.m, Carefully remove the benzene phase by aspiration. Read the acid phase in a Beckman 
spectrophotometer at 510 millimicrons. 

Recovery.—To each 0.2 Gm. of various tissues from two untreated rabbits 
were added 5 yg of emetine. Six cubic centimeters of tissue filtrate containing 
D5 pg of emetine were then analyzed in duplicate according to the described pro- 
cedure. Table I shows the amount of emetine recovered. These figures indicate 
that the drug can be recovered quantitatively from all tissues except possibly 
lymph node where only 80 per cent was recovered. 

The method was used to determine as low as 0.2 ng in 6 ml. of filtrate, this 
being equivalent to 1.0 mg. of emetine per kilogram of tissue. Figures below 
that amount were found to be within the variation of the blanks. 


RESULTS 

The tissue concentration of emetine at the various time intervals after in- 
jection are shown in Table I]. Within one half hour the highest coneentrations 
of drug were found in the lung, kidney, and spleen. The liver and heart con- 
‘tained much less, whereas the intestinal level was relatively very low. Emetine 
was found in very low amounts in striated muscle of the leg up to two hours 
after injection. Beyond this time the drug was not detectable. Questionable 
traces of emetine were found in the brain but most of these were within the limits 
of the blank and were recorded as negative. 

In most organs the maximum concentration of drug occurred within twelve 
‘to twenty-four hours after injection. This level persisted with slight change 
through the second day and then gradually began to decline. By the fourth 
day the concentration in the major organs was about half what it was at the 
maximum. ‘After two weeks, some of the organs were free of emetine, but: the 
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spleen, lymph node, and kidney contained significant quantities of drug for 
as long as four weeks. Between six and nine weeks, the spleen, the last organ 
to contain emetine, became free of the drug. 

TABLE II. TISSUE CONCENTRATION OF EMETINE (MG./KG.) AFTER AN INTRAMUSCULAR 


INJECTION OF 6 MG./KG.; CONCENTRATIONS ARE AVERAGES OF THREE 
RABBITS STUDIED AT Each TIME INTERVAL 








TIME LYMPH 
INTERVAL MUSCLE HEART | LUNG LIVER | SPLEEN | KIDNEY NODE 





1% hr, 0 12.4 46.7 12.6 18.7 39.1 2.0 
i hr. 1.0 17.2 60.9 24.9 23.9 60.3 6.0 
2 thr. 1.0 10.7 64.1 28.3 67.9 60.3 4.0 
6 hr. 0 3.9 42.6 31.4 70.3 73.1 
2 hr. 0 3. 58.8 41.6 70.3 101.4 
6 hr. ; 37.0 41.2 63.5 68.7 
1 day a 48.8 40.5 66.0 59.9 
9 

4 


ot ge 
orc 


] 
] 


days 3. 38.2 31.5 56.6 65.7 

days | 2.6 30.3 19.2 45.2 37.1 

days ; 29.9 15.4 44.8 45.6 
6 days 2. 15.9 10.3 36.4 46.7 
10 days ‘ 7.5 4.9 14.7 22.5 
13 days 3.2 2.7 11.5 14.1 
20 days 2.1 8.6 4.4 
24 days 1.0 3.3 4.8 
28 days 1.0 2.2 1.6 
35 days 0) 2.2 0 
42 days 0) 1.4 0 
64 days 0 0 0 
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DISCUSSION 

In a preliminary report’ it was suggested that the difference in efficacy of 
emetine in intestinal and hepatic amebiasis was due to the difference in con- 
centration of drug in the intestine and liver. A high, sustained level in the liver 
probably accounts for a high percentage of cures in hepatic disease; whereas the 
low, transient level in the large intestine could account for the frequent relapses 
of dysentery in cases where emetine alone is used. With similar reasoning, it 
appears that amebie brain abscess would not respond to parenterally adminis- 
tered emetine because the drug does not enter the brain in significant amounts. 

The most disastrous effects of emetine in man are due to its cardiac effects. 
Soon after injection in rabbits, the heart muscle level of the drug is moderately 
high as compared with other organs. By six hours this drops to a relatively 
low level at which it remains until disappearance about ten days later. In man 
where the drug is given in divided daily doses, electrocardiographie changes 
after emetine therapy usually occur several days after treatment has begun.® 
These repeated doses are presumably additive insofar as cardiac concentration 
of drug is concerned. By the fifth or sixth day there is sufficient drug and also 
sufficient time elapsed for the drug to act on the muscle and electrocardio- 
graphic changes become evident. It would not be safe to repeat a course of 
therapy with emetine until complete excretion of the drug from the heart had 
occurred and also after a lapse of sufficient time for the damage to the heart to 
be repaired. From human studies, this is probably about two months.® 

Very little is known about the mechanism of action of emetine in amebiasis. 
It is considered a general protoplasmic poison. However, in high dilutions it is 
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only effective against the motile trophozoite form of E. histolytica and not against 
the enecysted form.’ In the present experiments it was shown that the highest 
concentrations of drug were found in the liver, spleen, kidney, and lung, al- 
though in man few or no toxie signs and symptoms from emetine can be related 
to these organs as shown by Klatskin and Friedman.* In fact, they noted that 
some patients with hepatic amebiasis had abnormal liver function studies and 
that these abnormalities actually returned to normal under the influence of 
emetine. The lowest concentrations of drug in the rabbits were found in cardiac 
muscle, striated muscle, and intestinal muscle. Yet, despite the low concentra- 
tion of drug in the heart, muscles, and intestine, almost all toxic symptoms in 
man’ and animals’ are associated with these organs. In other words, only those 
organs having contractility as their most important function are affected ad- 
versely even though the concentration of drug in these organs is not inordinately 
high. On this basis, it is postulated that emetine interferes in some way with 
the chemical function of the cell (perhaps an enzyme system), which converts 
glycogen into contractile energy. 


SUMMARY 


The tissue distribution of emetine in rabbits after a single injection has 
been determined. The drug is found in highest concentration in the lung, 
kidney, spleen, and liver. The concentration in the heart and lymph nodes is 
intermediate and that in the large intestine and striated muscle is very low. 
The drug persists for as long as four to six weeks in some organs. Significant 
amounts of the drug were not detectable in the brain, indicating that parenteral 
emetine would probably be ineffective therapy in amebie brain abscess. 

On the basis of the finding that emetine is most toxie for the various mus- 
cular organs despite the low concentration of drug in these organs, it is postu- 
lated that emetine interferes with a biochemical function of those cells having 
contractility as their main function. 
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A SPECTROPHOTOMETRIC METHOD FOR DETERMINATION 
OF PROCAINE AND p-AMINOBENZOIC ACID 


KuANG S. TrnG, M.S., M.D., Jutrus M. Coon, M.D., PH.D., AND 
ALVIN C. Conway, M.S. 
Cuicaeo, ILL. 


INCE procaine is used widely in clinical medicine, a good method for the 

quantitative estimation of this drug is desirable. Acidimetric,?-> iodometric,® 
merecurimetriec,’ bromometric,**? and gravimetric’! methods have been pro- 
posed in the past. Vanillin,’® '* sodium cupribromide,'® 1° thymol,?° and 
pyridine”? have been used for the detection of procaine. It also has been 
analyzed by the use of its absorption spectrum.2!| A_ spectrophotometric 
method of determination of procaine in procaine penicillin G at the wave 
length of 290 mp was recently reported.2? After the present work was com- 
pleted, a spectrophotometric method for procaine and its hydrolytic products 
was described by Brodie and co-workers.”* 

The most useful methods, however, depend on the formation of a colored 
compound after procaine is diazotized.**?* In 1939 Bratton and Marshall?® 
reported that N-(l-naphthyl) ethylene diamine dihydrochloride was the most 
suitable coupling reagent for sulfanilamide determinations. Since then this 
method has been adopted extensively for the estimation of local anesthetics 
of the p-aminobenzoic acid ester type.*°-*° 

Because procaine and one of its decomposition products, p-aminobenzoic 
acid, give rise to similar colors in this couping reaction, it is necessary to differ- 
entiate these two compounds in the presence of one another. Ether,?* 7% 3% %? 
chloroform,* and isopropyl! aleohol*® have been used to separate the two. These 
procedures required repeated extractions and separations, later followed by the 
development of the color for procaine and for p-aminobenzoie acid separately. 
Hence the procedures were very complicated. 

Legge and Durie*’ separated the procaine and p-aminobenzoie acid after 
the color was formed by means of hydrochloric acid. However, these workers 
did not describe the sensitivity and accuracy of their method. Hazard and 
Ravasse** separated the two azo dyes by means of ether in the presence of 
alkali, but they did not measure quantitatively the procaine itself. 

The present study has involved the development of a modification of the 
foregoing methods in order to have an accurate and sensitive procedure for the 
determination of procaine and p-aminobenzoie acid in the presence of each 
other in blood. The procedure is simpler than any of the methods previously 


deseribed. 
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EXPERIMENTAL 
Principle——Blood protein is precipitated by trichloroacetic acid. The supernatant 


clear fluid is diazotized. Ammonium sulfamate is used to destroy the excess nitrous acid. 
The color is developed by coupling with N-(l-naphthyl) ethylene diamine dihydrochloride. 
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Then the solution is treated with chloroform and alkali. The color intensity is measured 
in the Coleman Model 6A Junior spectrophotometer, using adapter #6-108 and cuvette 
#6-310B. 

The orange-red color remaining in the aqueous phase represents the p-aminobenzoic 
acid azo dye, which shows maximum absorption at the wave length of 500 my using water 
for zero setting. The yellowish-orange color in the chloroform represents the procaine azo 
dye, which shows maximum absorption at the wave length of 485 my using chloroform for 
zero setting. The optical density curves of these two products are shown as curve 1 and curve 
2 in Fig. 1. 

Reagents.— 

15 per cent trichloroacetic acid. 

0.1 per cent sodium nitrite. 

0.5 per cent ammonium sulfamate. 

0.1 per cent N-(l-naphthyl) ethylene diamine dihydrochloride. 

Chloroform. 

12N sodium hydroxide. 

Procedure.—Pipette 0.2 ml. of oxalated blood into 3.0 ml. of water, and let stand for 
three minutes. Add 1.0 ml. of 15 per cent trichloroacetic acid, and let stand for five 
minutes. Centrifuge at 1,500 r.p.m. for five minutes. Pipette 3.0 ml. of the supernatant 
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clear solution into a Maizel Gerson reaction tube. Add 0.2 ml. of 0.1 per cent sodium 
nitrite, and let stand for three minutes. Add 0.2 ml. of 0.5 per cent ammonium sulfamate, 
and let stand for two minutes. Add 0.2 ml. of 0.1 per cent N-(1-naphthyl) ethylene 
diamine dihydrochloride, and let stand for ten minutes. Add 3.0 ml. of chloroform, and 
shake for half a minute. Then add 0.8 ml. of 12N sodium hydroxide. Shake vigorously 
for two minutes. The solution should be well mixed after each addition of reagent. 

Pipette out about 2 ml. of the aqueous solution for spectrophotometric determination 
of p-aminobenzoic acid at the wave length of 500 my using water for zero setting. Pipette 
out about 2 ml. of the chloroform solution for spectrophotometric determination of pro- 
caine at the wave length of 485 my using chloroform for zero setting. Reagent blanks 
should be used in each series of determinations. 

Effect of Order of Reagents—The shaking with chloroform before the addition of 
alkali is important. If the chloroform is added after the alkali, the extraction of procaine 
azo dye will be incomplete and a part of the dye will remain in the aqueous solution. For 
instance, a sample containing 30 wg of procaine hydrochleride and 30 ug of p-aminobenzoic 
acid was analyzed according to the procedure except that the sodium hydroxide was added 
ten minutes after N-(l-naphthyl) ethylene diamine dihydrochloride, then chloroform was 
added. The spectrophotometric reading of the chloroform solution gave an optical density 
of 0.271, which corresponded to about 21 wg of procaine hydrochloride. Therefore the extrae- 
tion was only two thirds complete. The spectrophotometric reading of the aqueous solution 
gave an optical density of 0.587, corresponding to about 36 wg of p-aminobenzoiec acid. 

This phenomenon may be explained by means of polarity. When the procaine azo 
dye solution is first shaken with chloroform, the ester portion of the dye molecule goes into 


the chloroform phase while the —-N - HCl part remains in the aqueous phase. The subsequent 
| 


| 
addition of alkali neutralizes the HCl, freeing the amino group. Hence the whole molecule 
of the procaine azo dye goes into the chloroform. On the other hand, if the alkali is first 
added prior to the chloroform, the ester group may be hydrolyzed in the following manner: 


—NH—C,H,—NH, N=! -_ —NH—C,H,—NH, 


HCl HCl 


OH 
NaOH 
| ee ee CH, 
C.H, y | 
N(CH); 


| 
N(C.H,)- 


HCl 


This sodium salt thus produced is less soluble in chloroform. 

Effect of Amount of Alkali—The amount of alkali added is important in the deter- 
mination of p-aminobenzoie acid. The sodium hydroxide solution was tested in volumes of 
0.2, 0.4, 0.5, 0.7, 0.8, and 1.0 milliliter. It was found that 0.8 ml. of sodium hydroxide gave 
the best result. The amount of alkali is, however, not so important in the determination 
of procaine. The same results were obtained using 0.2 ml. and 0.8 ml. of sodium hydroxide. 

Stability of Color.—The color of the procaine azo dye is remarkably stable. There was 
no significant fading of the color even after the chloroform solution was stored in the 
refrigerator for eight weeks. The color of the p-aminobenzoie acid azo dye is much less 
stable. About 25 per cent of the color intensity of the latter dye will fade in four hours, 
and this color will bleach out almost completely after one day. For this reason, the 
measurement of the p-aminobenzoic acid should be carried out as quickly as_ possible. 

Prevention of in Vitro Hydrolysis of Procaine in Blood.-—Since blood contains pro- 
‘aine esterase, highest in the human being,» the procaine disappears rapidly from a drawn 
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sample of oxalated blood. When sodium fluoride (about 4 mg. per milliliter) was added to 
the blood sample or if the blood sample was kept in ice, the hydroylsis was greatly retarded. 
When combined fluoride and low temperature were used immediately after the blood was 
drawn, the procaine hydroylsis was completely inhibited, as shown in Table I. 
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Fig. 1.—Spectrophotometric absorption curves. Curve /, p-aminobenzoic acid azo dye in 
aqueous phase; curve 2, procaine azo dye in chloroform; curve 3, sulfanilamide azo dye in 
aqueous phase. 


TABLE I. HYDROLYSIS OF PROCAINE ADDED TO FRESH HUMAN BLOOD 








KG PROCAINE MG PROCAINE PER CENT 

AT ZERO TIME AFTER 1 HR. LOSS 
Oxalated blood (25°C.) 37.0 13.5 64 
Oxalated blood (0.5°C.) : 69.0 65.4 5 
Oxalated blood + NaF (25°C.) 50.0 48.0 4 
Oxalated blood + NaF (0.5°C.) 42.5 42.5 0 








Results of Analysis —Different amounts of procaine hydrochloride were 
added to 0.2 ml. of fresh oxalated dog or human blood, to which sodium fluoride 
was added 4 mg. per milliliter, and the tubes were kept in ice. Analysis for 
procaine was done according to the foregoing procedure, and the results were 
obtained as illustrated by line A in Fig. 2. When different amounts of 
p-aminobenzoie acid were added to the blood and analyzed, the plotted results 
eave line B in Fig. 2. When the blood was added to different amounts of 
procaine hydrochloride containing 50 yg of p-aminobenzoie acid in each 
sample, the results of the analysis for procaine still gave line A. When the 
blood was added to different amounts of p-aminobenzoie acid containing 50 pg 
of proeaine hydrochloride in each sample and analyzed, the results of the 
analysis for p-aminobenzoie acid still gave line B. The deviation of individual 
determinations from the line for procaine was usually less than that for 
p-aminobenzoie acid. 

Six 0.2 ml. samples of human blood each containing 50 pg of procaine 
hydrochloride and various amounts of p-aminobenzoie acid in each were 
analyzed. The spectrophotometric readings of the chloroform solution for the 
determination of procaine are shown in Table If. 
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TABLE II. DETERMINATION OF PROCAINE IN THE PRESENCE OF P-AMINOBENZOIC ACID 








PROCAINE-HCl P-AMINOBENZOIC ACID 
(HG) (MG ) OPTICAL DENSITY 
50 0 0.63 
50 5 0.64 
50 10 0.62 
50 20 0.61 
50 30 0.62 
50 50 0.64 


Mean 0.63 
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Fig. 2.—Results of determination of procaine and p-aminobenzoic acid under conditions described 
in text. 


Six 0.2 ml. samples of human blood each containing 50 pg of p-aminobenzoie 
acid and various amounts of procaine hydrochloride were analyzed. The 
spectrophotometric readings of the aqueous solution for the determination of 
p-aminobenzoie acid are shown in Table III. 


TABLE ILI. DETERMINATION OF P-AMINOBENZOIC ACID IN TITIE PRESENCE OF PROCAINE 


~ P-AMINOBENZOIC ACID | PROCAINE-HCI ~ | 
(uG) }) | OPTICAL DENSITY 

50 ; saa ara ~~ 0,71 ening 
50 : 0.70 
50 0.69 
50 f 0.71 
50 0.70 
50 0.71 

; Mean 0.70 








Determination of Sulfanilamide.—<Acecording to this method, sulfanilamide 
formed an azo dye which remained in the aqueous solution and gave a maximum 
absorption at the wave length of 500 mp as shown by curve 3 in Fig. 1. Sulfa- 
nilamide, in the absence of p-aminobenzoic acid, could be determined by this 
method in a manner similar to that employed for p-aminobenzoie acid. Since 
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hydrolysis of sulfanilamide does not occur in blood, sodium fluoride and low 
temperature are not necessary. The result of analysis was quite similar to 
that of p-aminobenzoic acid. 







DISCUSSION 






Blood samples containing less than 2.5 pg of procaine hydrochloride, p- 
aminobenzoie acid, or sulfanilamide in 0.2 ml. will give a reading below 
optical density 0.05, which represents more than 10 per cent effective error 
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Fig. 3.—Diagram of calculation by ‘‘internal standard.’’ 










of the instrument used (Coleman Model 6A Junior spectrophotometer). Samples 
containing more than 5 to 7 pg will give an optical density above 0.10, which 
represents less than 5 per cent instrument error. The effective instrument 
error in the range of optical density between 0.30 and 0.70 is below 2 per cent. 

A reagent blank might be used for zero setting. However, this was less con- 
stant than when water or chloroform was used. The reagent blank usually 
gave an optical density below 0.010. If the optical density becomes too high 
(e.g., the coupling reagent solution turns to a pinkish color), the reagents 
should be changed. 
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Citrate was tested as an anticoagulant instead of oxalate and was found 
to give similar results. The coupling reagent, N-(l-naphthyl) ethylene diamine 
dihydrochloride, should be stored in the refrigerator and must be colorless 
when used. 







Sulfanilamide, as predicted from the closer similarity of its chemical 
structure to p-aminobenzoie acid than to procaine, interferes with the deter- 
mination of p-aminobenzoie acid but not with that of procaine. 






Blood samples of the mouse, rat, dog and man were analyzed with satis- 
factory results. This method is also applicable to any kind of biological 
materials. A specific reference line should be prepared in each case. 
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For each series of determinations, a reference line should be made from 
the blank and from the blank with a known amount of standard added. If a 
reference line is not available, a simple calculation of results based on the 
principle of ‘‘internal standard’’ may be used. This can be done in the 
following manner: Divide the sample into two equal parts, part A and part 
B. To part B add a suitable amount, M, (Fig. 3) of procaine hydrochloride 
and p-aminobenzoie acid. Then perform the analysis of these two parts 
separately according to the method outlined. Let the spectrophotometrie 
readings be Ry and Rp for part A and part B respectively. Locate the Ra 
and Rx on the ordinate, and draw two horizontai lines as RaR,’ and RpRyp’. 
Locate M on the abscissa and draw a vertical line which intersects RpRp’ at S. 
Now draw a sloping line passing through the reagent blank reading r and 
parallel to RaS. This line intersects RyRy’ at U. The abscissa of the point U, 
or OU’, represents the amount of procaine hydrochloride or p-aminobenzoic 
acid present in the unknown sample part A. 


SUMMARY 


A simple spectrophotometric method for determination of procaine and 
p-aminobenzoie acid in blood in the presence of one another is presented. The 
sensitivity is 2.5 micrograms. 

Fluoride and low temperature should be used in vitro to inhibit hydrolysis 
of procaine in the. blood sample. 

Sulfanilamide, in the absence of p-aminobenzoie acid, also can be de- 
termined by this method. Sulfanilamide interferes with the determination of 
p-aminobenzoie acid but not with that of procaine. 


A simple method of calculation by means of ‘‘internal standard’’ is de- 


seribed. 


We are very grateful to Dr. K.P. DuBois and Dr. H. M. Livingstone for reading the 


manuscript. 
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THE KEPLER WATER TEST IN TABES DORSALIS 


FEDERICO Dirz-Rivas, M.D. 
ANN ARBOR, MICH. 


N 1941 Robinson, Power, and Kepler’ devised the water test as an aid in the 

diagnosis of Addison’s disease. Soon other unrelated conditions were found 
to result in a positive test. According to Kepler, Power, and Levy,? these in- 
cluded chronic nervous exhaustion, cachexia, hyperthyroidism, liver disease, 
pituitary insufficiency, and renal disease. 

The present report deals with nine patients having tabes dorsalis who were 
observed to give a positive result to the water test. Some of these had symptoms 
suggestive of adrenal hypofunction. None had any of the conditions previously 
reported as responsible for a positive test. Seven of these patients had a posi- 
tive Kahn reaction in the spinal fluid and blood. 

Table I summarizes the clinical and laboratory data, including the results 
of the water test on these nine patients with syphilis of the central nervous 
system. Some of these patients had been treated for neurosyphilis with peni- 
cillin and fever therapy. Neurological findings were minimal in a few instances 
(Patients 1, 7, and 8). All the nine patients were found to have orthostatic 
hypotension. The urine analyses done prior to the tests were normal in all 
the nine cases. Cystometric studies were performed in each patient to eliminate 
the possibility of a neurogenic bladder. Patient 8 with a positive Wilder test 
did have an early neurogenic bladder, but no residual urine could be found by 
catheterization. The state of hydration in all the patients was satisfactory by 
clinical observations, i.e., normal turgor of the skin, normal blood pressure, 
and normal daily urine output. 

During the performance of this test the patients remained in bed and were 
observed carefully to insure proper ingestion of the caleulated volume of water. 
The last urine specimen was collected by catheterization. 


RESULTS 

The results show that five patients had a positive value for factor A, two 
were borderline, and one was negative. The volumetric part of the test was 
positive in all patients. There was a slight increase of the blood urea nitrogen 
values in five instances. Only Patients 5 and 6 had plasma chloride ion values 
below normal levels. 

Table If shows a comparison of the individual items in the water test be- 
tween the normal individual patients with Addison’s disease (average values 
in twenty-four untreated cases)* and patients with tabes dorsalis (average in 
the nine eases). It is clear that the variation from normal tests was due to an 
abnormal volumetric part (delayed water diuresis). The average values of the 
plasma and urine chloride ion and urine urea nitrogen were within normal 
limits. As previously mentioned, there was a slight increase in the blood urea 
nitrogen in five out of the nine patients. 


From the Department of Internal Medicine, University of Michigan. 
Received for publication, Feb. 2, 1949. 
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TABLE II. THE ROBINSON, POWER, KEPLER WATER TEST IN NORMAL SUBJECTS, IN PATIENTS 
WITH ADRENAL INSUFFICIENCY, AND IN PATIENTS WITH TABES DORSALIS 





ADRENAL TABES DORSALIS 
INSUFFICIENCY AVERAGE VALUES 
NORMAL PERSON (UNTREATED)* | FROM 9 PATIENTS 
ITEM (GENERAL DIET) (GENERAL DIET)3 | (GENERAL DIET) 


Night ‘eon volume (nine-hour period) 200 300-400 407 
(¢@.c. 
Largest fractional urine specimen 400-600 0-60-100 a bg 
(¢.c. per hour) 
Plasma chloride ion (mg. %) 320-350 228 332 
Blood urea nitrogen (mg. % ) 10-15 39 20 
Urine chloride ion (mg. % ) 250-350 560 306 
Urine urea nitrogen (mg. %) 1,600 1,000-1,200 1,718 
Factor A = 
Clp Ureay, Largest fraction (¢.c.) 
i, tm * Night volume (c¢.c.) 


























30 25 "94 








: *Average values obtained by Cutler, Power, and Wilder in twenty-four untreated patients 
With Addison’s disease. 


DISCUSSION 


The explanation of the abnormal changes in the test in these patients is 
not clear. There are several possibilities which will be considered. (1) Ab- 
normal gastrointestinal motility. In tabes dorsalis there may be episodes of 
pylorospasm, as well as increased or decreased gastrointestinal activity. Pyloro- 
spasm or decreased gastrointestinal motility would result in gastric retention 
of the water ingested for the performance of the test. Consequently, intestinal 
absorption would be decreased and water diuresis delayed, resulting in a posi- 
tive volumetric part of the test. (2) Disturbed innervation (decreased tone) 
of the renal efferent arterioles may reduce the rate of glomerular filtration and 
thus produce a delayed diuresis. (3) Abnormal innervation of the adrenals 
or actual syphilitic involvement of these glands is unlikely since normal chloride 
ion values were obtained in six out of the nine cases. (4) Impaired intestinal 
absorption of water seems unlikely in the absence of diarrhea or dehydration. 
Nevertheless the rates of absorption may have been decreased. (5) An ab- 
normal distribution of water in the body as a cause for delayed diuresis is un- 
likely in view of the preponderance of normal plasma chloride ion values. It is 
known that in Addison’s disease a positive water test is usually associated with 
a low plasma concentration of chloride. (6) Overactivity of the pitwtary 
gland with excessive production of antidiuretic hormone has been suggested 
in Addison’s disease by Gaunt.t It has not been determined, however, that 
this suggestion holds for Addison’s disease or tabes dorsalis. (7) Morphologic 
renal changes with resultant delay in diuresis seem unlikely in the presence of 
a normal urine analysis in all nine patients. Of course, abnormal variations 
in the hemodynamies of the kidney may play a role. 

Whatever the correct explanation may be for the present findings, it is 
advisable in performing a Kepler water test, to evaluate the individual values 
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necessary to compute the factor A from the formula devised by Kepler, Power, 
and Levy,’ 


__ Blood chloride ion (mg. %) Urine urea nitrogen (mg. %) 
~~ Urine chloride ion (mg. %) * Blood urea nitrogen (mg. %) 





Largest functional specimen (¢.c.) 
Night volume (c¢.c.) 





’ 


before accepting the results of the test as an indication of Addison’s disease 
(or adrenal hypofunction). 
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THE EFFECT OF HYALURONIDASE ON THE HEMATOCRIT 
AND PLASMA PROTEINS OF THE ALBINO RAT 


First LIEUTENANT SAMUEL K, Ester, M.C., MAsor MONROE E. FREEMAN, M.S.C., 
AND PEARL R. ANDERSON, M.A. 
WASHINGTON, D. C. 


N A previous communiecation,! it was demonstrated that testicular hyaluroni- 
dase increased capillary permeability in the albino rat. Following the 
intravenous injection of 2,500 turbidimetrie reducing units of hyaluronidase and 
2 mg. of the blue dye, T-1824, there occurred edema and rapid diffusion of 
the dve into the tissues of the extremities, nose, ears, mouth, and tongue. The 
blood plasma concentration of T-1824 was significantly redueed. These find- 
ings confirmed those of Duran-Reynals*® and Aylward.* Other investigators,” ® 
however, considered hyaluronidase to exert no direct effeet on the permeability 
of capillaries when sdministered intravenously. 
Further studies have been carried out to elucidate the changes produced 
by hyaluronidase in the rat. The hematocrit is an easily measured quantity 
and is a simple index of the dyvnamies of the vascular fluids. Changes in the 


level of the plasma proteins also give indications of the state of capillary 


permeability. 
METHODS 


Three hundred male albino rats of the Sherman strain were used, varying in weight 
from 140 to 320 grams. They were fed the standard laboratory Purina chow and water 
ad libitum, 


ITyaluronidase Preparations.—Fresh bull testes, stripped of fat and capsules, were 
ground. <An acetic acid extraction and several ammonium sulfate fractionations were carried 
out. The product was then dialyzed free of the sulfate and dissolved in normal saline. 
Three different preparations were assayed according to the method of Dorfman and Ott2 
and measured 2,500 to 3,700 turbidimetric reducing units per milligram of. nitrogen. 

A smaller amount of the testicular extract was then fractionated several times with 
ethyl alcohol. The product was dissolved in 0.85 per cent saline and measured 30,000 turbidi- 
metric reducing units per milligram nitrogen. These preparations were stored at —20° C. 

The animals were anesthetized with ether. The jugular vein was exposed. To the 
experimental animals, an intravenous injection of testicular extract was given. The control 
animals received an equal volume of normal saline. At five, fifteen, thirty, forty-five, and 
sixty minutes, and at two, four, eight, and twenty-four hours, groups of experimental and 
control animals were bled and sacrificed. Four to six milliliters of blood were drawn from 
the abdominal aorta, using a heparinized syringe. 

A sample of blood was pipetted into a Wintrobe hematocrit tube. The blood was 
immediately centrifuged at 3,000 r.p.m. for thirty minutes. The hematocrit was determined? 
and the plasma separated. The plasma proteins were measured.8 


From the Department of Chemistry and Physics, Army Medical Department Research 
and Graduate School. 
Received for publication, Feb. 2, 1949. 
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RESULTS 


Hematocrit—Hematocrit determinations of eighty-five control animals re- 
vealed a mean value of 43.7 per cent. Three different doses of the eruder 
testicular extract (2,500 to 3,700 units per milligram N.) were administered. 
Thirty-five animals received 1,250 units of hyaluronidase. These animals failed 


to develop edema and showed little or no rise of hematocrit (Fig. 1). Seventy- 
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Fig. 1.—The effect of various doses of hyaluronidase on the hematocrit of the albino rat. 


three animals received 2,500 units intravenously. Within five to fifteen minutes, 
edema of the fore and hind paws and a coarse and puffy appearance of the 
face were evident. The diameter of the main arteries and veins of the abdominal 
cavity was reduced. The rise in hematocrit was prompt; the maximum was 
attained in thirty minutes, and within four to eight hours the hematocrit re- 
turned to normal. The administration of 7,500 units hyaluronidase to thirty- 
five animals brought a prompt rise to a slightly, although not significantly, 
higher level, and then a more prompt return to normal, Statistical analysis 
of the last two groups revealed that the changes in hematocrit are significant. 

Thirty rats were given intravenous injections of. 7,500 units of a more 
purified hyaluronidase preparation (30,000 units per milligram N.). The effects 
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of these injections were similar to those of the cruder preparations (Table I). 
The hematocrit rose to approximately the same level but returned to normal 


levels in a shorter period of time. 


TABLE I. A COMPARISON OF THE EFFECTS OF CRUDE HYALURONIDASE (3,000 UNITS PER 
MG. N,) AND PURIFIED HYALURONIDASE (30,000 UNITS PER MG. N,) ON THE 
HEMATOCRIT OF THE ALBINO Rat 











7,500 UNITS HYAL, im | 7,500 UNITS HYAL, 
(5,000 U/MG. Ne) (30,000 U/MG. N,) 


NUMBER | MEAN NUMBER MEAN 
HEMATOCRIT* 


45.8 + 1.7 
65.0 + 2.7 
60.0 + 6.2 
55.0 + 7.0 
46.4 + 5.3 
42.6 + 2.4 
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Control mean hematocrit* (eighty-five rats), 43.7 + 4.9. 


*Includes standard deviation. 
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Fig. 2.—The effect of heated and unheated hyaluronidase on the hematocrit of the albino 
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Suitable control experiments were performed. The testicular extract was 
heated at 70° C. for thirty minutes which completely inactivated the hyaluroni- 
dase. A volume of this material, equivalent to 7,500 units of hyaluronidase, 
was administered to thirty-five rats. No significant elevation of hematocrit 
occurred, as compared with the eighty-five control animals. Striking differences 
between the effects of heated and unheated testicular extract were evident 
(Fig. 2). - Ps 

Several other animals were given bovine plasma albumin or histamine in- 
travenously. No equivalent change of the hematocrit was demonstrated. 

Plasma Proteins—The mean plasma protein level of fifty-three control 
animals was 5.64 Gm. per cent. A significant reduction in the plasma proteins 
occurred in thirty rats receiving 7,500 turbidimetrie reducing units of hyaluroni- 
dase (Table II). The maximum decrease was noted in fifteen to thirty minutes 
and thereafter the level of proteins slowly returned to normal. Thirty-three 
animals, to whom were administered heat-inactivated hyaluronidase, failed to 
reveal a similar reduction in the level of the plasma proteins. 

Fractionation of the proteins was performed on several samples, but the 
results failed to demonstrate any significant alteration of the albumin-globulin 
ratio. 


TABLE II. THE EFrrect OF HEATED AND UNHEATED TESTICULAR EXTRACT ON THE 
PLASMA PROTEINS OF THE ALBINO Rat 









































INACTIVATED HYALURONIDASE* 7,500 UNITS HYALURONIDASE 
TIME AFTER|NUMBER| MEAN PLASMA |DEVIATION FROM|NUMBER| MEAN PLASMA |DEVIATION FROM 
INJECTION |OF RATS|PROTEINS (%)t| CONTROL MEAN |OF RATS|PROTEINS (%)t| CONTROL MEAN 
5 min. 5 5.93 + 0.97 + 0.29 5 5.56 + 0.47 — 0.08 
15 min. 5 6.19 + 0.338 + 0.54 2 4.40 — 1.24 
30 min. + 5.88 + 0.22 + 0.24 3 4.40 — 1.24 
60 min. 5) 5.47 + 0.25 — 0.17 5 4.48 + 0.27 - 1.16 
2 hr. + 5.59 + 0.32 — 0.05 5) 4.76 + 0.36 - 0.88 
4 hr. 5 5.56 + 0.28 — 0.08 5) 4.63 + 0.19 - 1.01 
8 hr. 5 5.64 + 0.26 0) 5) 5.25 + 0.55 — 0.39 
Total 33 30 
number 
of rats 

















Control mean plasma proteins; (fifty-three rats), 5.64 + 0.49. 


*Testicular extract heated at 70° C. for thirty minutes. An amount equivalent to 
7,500 units of hyaluronidase administered. 


tIncludes standard deviation. 


DISCUSSION 


lollowing the intravenous administration of adequate amounts of testicular 
extract, a prompt direct rise occurred in the hematocrit of the albino rat and 
the level of plasma proteins was significantly reduced. These changes paralleled 
the findings of edema, contraction of blood vessels and diffusion of dye described 
previously? and were further evidence of an increase in capillary permeability. 

The disparity between these results and those reported by Chambers,® as 
to the effect of hyaluronidase on capillary permeability, may possibly be re- 
solved if the amounts of enzyme injected are compared. In order to alter the 
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capillary permeability, enough hyaluronidase must be given to overcome the 
blood inhibitors. Very little or no rise in hematocrit was obtained when 1,250 
units were administered, but a very striking rise occurred with 2,500 units of 
the enzyme. 

The indications that hyaluronidase or a hyaluronidase-like substance was 
the causative agent of these changes may be presented as follows: 


1. The activity of several preparations of testicular extract was propor- 
tional to their hyaluronidase content. 

2. Purified preparations of hyaluronidase had the same effects on capillary 
permeability as the cruder materials. 

3. Testicular extract heated at 70° C. for thirty minutes to inactivate com- 
pletely the hyaluronidase failed to produce these effects. 

4. The administration of an equivalent amount of foreign protein, for 
example bovine plasma albumin, failed to produce these effects. 


Studies in which the in vivo activity of hyaluronidase can be tested are 
limited to the spreading reaction in rabbits’ and the streptococcal deeapsulation 
test.'° Each of these procedures is cumbersome. The hematocrit is an easily and 
accurately performed test. The introduction of this simple determination for 


the study of hyaluronidase inhibitors in vivo is suggested. 


SUMMARY 


Testicular hyaluronidase, when administered intravenously to male albino 
‘ats, produced a prompt direct rise in the blood hematocrit and a decrease in 
the level of plasma proteins. 

Purified hyaluronidase (30,000 units per milligram N,) displayed the same 
activity as the cruder preparations, whereas heat-inactivated testicular extract 
failed to elicit these changes. 

It is proposed that the blood hematocrit may be used as a simple in vivo 
test of hyaluronidase activity and may be applied to the study of hyaluronidase 


inhibitors. ; 
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MINIMUM TRYPTOPHANE REQUIREMENT AND URINARY 
EXCRETION OF TRYPTOPHANE BY NORMAL ADULTS 


CHARLES W. DENKO, PH.D.,* AND WALTON E. GruNpDy, PH.D.f 
Cuicaco, IL. 


URING studies on the excretion of B complex vitamins by normal adults on 
normal, restricted, and supplemented dietary intakes of B complex vitamins 
and protein,’ * the urinary excretion of free /-tryptophane was determined. Dur- 
ing this study, fats, carbohydrates, and minerals were maintained in the diet at 
the level recommended by the National Research Council for moderately active 
men. Previously, on an average diet, a urinary excretion of 12 to 30 mg. daily 
or about 1.5 per cent of the dietary intake had been reported.* * The amount of 
l-tryptophane in the diet necessary for the maintenance of nitrogen balance has 
been reported to be about 0.2 Gm. per day,® while 1 to 1.25 Gm. per day are 
recommended for optimum health of the human adult. This paper presents 
data on the tryptophane requirement of male adults using nitrogen balance as 
the criterion and urinary excretion during periods of normal, restricted, and 
supplemented dietary intakes of proteins and B complex vitamins. 


EXPERIMENTAL 


The experimental conditions, the subjects, environment, and methods are all described 
in detail in previous papers.!;2 The tryptophane content of the urine of seven healthy 
young men eating a normal diet was determined to establish normal levels. Later, for a 
period of five weeks all seven consumed an experimental diet containing about one-half 
the normal protein content, 40 Gm., 94 per cent of which was vegetable in origin. In ad- 
dition, this diet contained about one-fifth to two-thirds of the B complex vitamin content 
of the normal diet. Corn made up 27 per cent of the caloric intake of the experimental 
diet. After the five-week period of restricted intake, two of the subjects served as con- 
trols by consuming additional protein as calcium caseinate and synthetic B vitamins to 
equal the levels found in the original normal diet. The remaining five men continued to 
eat the experimental diet without such supplementation, but received placebos instead. 
Later, various vitamins and foods were added as supplements. The nutrient composition 
of the diets is given in Table I. Calcium and iron were given to all subjects to increase 
the mineral intake to levels recommended by the National Research Council. Water was 
consumed ad libitum throughout the experiment. 

The actual intake of nutrients remained as shown in Table I until about the twelfth 
week. At that point, anorexia, which may have been induced by the monotony of the diet 
and physical activity, caused refusals of varying amounts of food. In order to remove 
this obstacle to the completion of the study, two additional menus having nutritional con- 
tents similar to those of the diet in Table I were introduced at the thirteenth week. 
Refusals of food decreased markedly thereafter. At the beginning of the fifteenth week 
of the experimental diet, crystalline vitamin supplementation was given to three of the 
experimental subjects. The outline of the complete plan of supplementation is given in 
Table IT. 


From Medical Nutrition Laboratory, an installation under the jurisdiction of the Sur- 
geon General, U. S. Army. 

The opinions expressed in this paper are those of the authors, and do not necessarily 
represent the official views of any governmental agency. i 
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DENKO AND GRUNDY 


TABLE I. NUTRITIONAL CONTENT OF NORMAL AND EXPERIMENTAL DIETS 








NUTRIENTS | NORMAL DIET | EXPERIMENTAL DIET 
Calories 3,170 3,250 
Protein (Gm.) 70 40* 
Carbohydrate (Gm.) 330 380 
Fat 174 175 
Calcium : 0.86 .20 
Phosphorus : 1.26 08 
Tron 15.5 12.0 
Thiamine : 1.44 04 
Riboflavin R 1.84 34 
Niacin 5 15.6 5.8 
Biotin 44 21.4 
L. easei factor ; 64 22.0 
Pantothenic acid (mg. ) ; 1.15 
Pyridoxine (mg.) i, 1.07 
Ascorbie acid (mg.) 5 90 
Vitamin A (1.U.) 7,400 22,000t 


*Approximately 94 per cent nonanimal. 
+Mostly f-carotene. 








Tryptophane was determined microbiologically by the method of Wooley and Sebrell.7 


i] 


The term ‘‘tryptophane’’ includes the microbiologically available compounds, such as pep- 

tides, closely related to tryptophane that may stimulate the growth of the organisms used. 
‘Urine was diluted with water and assayed without further treatment. Samples extracted 
with ethyl ether to remove indole gave essentially the same values as untreated samples. 
Storage of samples for one week has no effect on assay values. Food samples were digested 
enzymatically by pepsin, trypsin, and erepsin. Ba(OH). hydrolysis gave satisfactory 
checks. Fecal tryptophane determinations were made for a few weeks but showed no 
consistent results. Nitrogen data were based on the Kjeldahl method. 


TABLE II. Dier SuPPLEMENTATION SCHEDULE 








Period 1 Experimental restricted diet started 

Full supplement B complex supplementation; biotin, 60 ug; nico- 
tinamide, 12 mg.; pteroylglutamic acid, 90 ug; 
pantothenic acid, 6 mg.; riboflavin, 1.5 mg.; 
p-aminobenzoic acid, 300 mug; pyridoxine, 3 
mg.; choline 0.5 Gm. added 

Supplement 3 Thiamine 1.2 mg. added 

Supplement 4 Protein 45 Gm. calcium caseinate added 

Supplement 5 Nicotinamide 12 mg., riboflavin 1.5 mg. added 

Supplement 6 1 egg for breakfast; 100 Gm. (raw weight) 
ground beef for lunch; % pint whole milk 
for dinner; in order to keep the calorie and 
protein content similar to that of the other 
subjects, the calcium caseinate, sugar, and oleo- 
margarine were approximately reduced 


RESULTS 

In Fig. 1 are given values for the daily urinary exeretion and daily dietary 
intake of tryptophane. It is apparent that in the case of the five restricted sub- 
jects there was no decrease in the amounts of free tryptophane excreted during 
the periods of restricted dietary intake of proteins and B complex vitamins. 
This result is in contrast to the excretion of B vitamins which decreased sharply 
when the dietary intake was reduced.?, Furthermore no decrease in tryptophane 
excretion occurred during the period of restricted protein intake despite the 
intake of large amounts of corn which is deficient in tryptophane. 
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Fig. 1.—Dietary intake and urinary excretion of tryptophane. 

Ordinates: Excretion of tryptophane, milligrams per twenty-four hours. 

Abscissas: Time on experimental diets, weeks. Body weights of subjects. pounds: C-/, 
169 ;C-2, 144; H-7, 157; H-6, 187; E-5, 150; E-4, 183; E-3, 146. Dietary intakes as shown. 
Diets and supplements described in text, Table II. 




















During the period of the control diet, the urinary excretion of tryptophane 
varied from 1 to 3 per cent of the ingested dietary tryptophane. On the re- 
stricted dietary intake of tryptophane, the urinary excretion was approximately 
3 to 15 per cent of the ingested tryptophane. Actually there was a slight increase 
in the excretion levels of free l-tryptophane. The two control subjects showed 
approximately 5 milligrams increase in daily excretion during the period of sup- 
plemented dietary intake as compared with their control period on a normal 
diet. Perhaps the excretion of metabolic derivatives of tryptophane not micro- 
biologically available was altered by the conditions of the diet and physical 
activity of the subjects, but these were not studied. 

No important differences existed between control and restricted subjects 
despite the wide difference in protein intake. Variation between individuals is 
wide, as evidenced by the differences between subjects E-3 and E-5. There was 
no significant loss of body weight during the experimental period nor was any 
correlation demonstrated between body weight and tryptophane excretion 
(Fig. 1). Nitrogen balance was maintained by all subjects during the period 
studied (Fig. 2). When protein was added to the diet at various intervals 
each of the subjects receiving this supplement showed an immediate increase 
in nitrogen excretion over the preceding period of restricted intake. 
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NITROGEN INTAKE *--~~~~~ NITROGEN OUTPUT 


Fig. 2.—Nitrogen balance of subjects on control and experimental diets. From top to 
bottom: two control subjects and five experimental! subjects. 
Ordinates: Nitrogen intake, grams per day, dotted lines; nitrogen excretion, grams 


per day, solid lines. 
Abscissas: Time on experimental diet, weeks. 


SUMMARY 

Seven healthy young men excreted daily in the urine from 8 to 22 mg. of 
free ]-tryptophane, approximately 1 to 3 per cent of the ingested tryptophane, 
while on a normal dietary intake of 70 Gm. of protein containing 813 mg. of free 
l-tryptophane. During twenty-one and twenty-seven week periods on an experi- 
mental diet restricted in B complex vitamins and containing 40 Gm. of protein 
(94 per cent nonanimal) and 241 mg. of free /-tryptophane, five of these same 
subjects excreted slightly greater amounts of tryptophane than in the control 
period amounting to a ratio approximately 3 to 15 per cent of the ingested 
tryptophane. Still greater urinary excretion occurred on a diet supplemented 
liberally with B complex vitamins and animal protein. Control subjects did not 
excrete more tryptophane than the subjects on the restricted diet. Nitrogen 
balanee was maintained on levels as low as 0.24 Gm. of free tryptophane per 
day, indicating that the minimum tryptophane requirement of normal adults can 
be met by a dietary intake of 0.24 Gm. daily. No correlation was found between 
body weight, minimum tryptophane requirement, and exeretion of free 1-trypto- 
phane. 
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ALCOHOL AND PANCREATITIS: SERUM AMYLASE 
DETERMINATIONS IN NORMAL INDIVIDUALS 
FOLLOWING INGESTION OF ALCOHOL 


JAMES Myure, M.D., AaNp SAMUEL NessiTT, M.D., Px.D. 
MINNEAPOLIS, MINN. 


LCOHOLISM has often been indicted as a possible etiological agent or 
predisposing factor in pancreatitis, but its actual importance in the pro- 
duction of the disease never has been determined definitely. There is consider- 
able clinical and pathological indirect evidence,’ however, of such a relationship. 
Siegel and Krautman? and Gray and co-workers® reported lowered serum 
amylase in patients with acute alcoholism. Domzalski and Wedge! in 1948 
found that 48 per cent of fifty chronic alcoholic patients admitted to a neuro- 
psychiatric hospital within forty-eight hours after their last drink had an 
elevated serum amylase. They postulated a subclinical pancreatitis that might 
easily be considered clinically to be aleoholie gastritis. 


EXPERIMENT 


In an attempt to evaluate further the role of alcohol in relation to pan- 
creatitis or at least as an agent which may affect the values of the serum 


amylase,* an experiment was designed utilizing as subjects fourteen normal, 
healthy males ranging in age from 27 to 40 years. These men drank habitually 
only in moderation. After a control serum amylase was determined, from 2 to 
12 ounces of a good grade of 86 proof whiskey were ingested within a period 
of one and one-half hours before a substantial meal. In certain instances of 
higher aleoholic intake, a serum amylase was determined at this interval. 
Following the meal, quantities of whiskey varying from 0 to 12 ounces were 
ingested over a period of four hours. Total amounts of whiskey consumed 
varied from 714 to 24 ounces. Determinations of serum amylase values were 
made following the period (approximately six hours after the beginning of the 
experiment) and again on the following day (approximately sixteen hours after 
the beginning of the experiment). The results are shown in Table I. Subject 
4 lost some aleohol through emesis approximately seven hours after starting 
the experiment. In no instance was there a significant change in the value of 
the serum amylase. 
SUMMARY AND CONCLUSIONS 


Some investigators have noted an increase and others have noted a decrease 
in the values of the serum amylase in patients suffering from alcoholism. <A 
controlled experiment is described utilizing as subjects fourteen healthy men 


From the Department of Internal Medicine, University of Minnesota School of Medicine 
and the Veterans Hospital. 
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TABLE I. CORRELATION OF ALCOHOL INGESTION AND SERUM AMYLASE VALUES 








































WHISKEY INTAKE (02Z.) SERUM AMYLASE VALUES 
FIRST 1.5 HR. TOTAL 
SUBJECT 15 HR. | To 6 HR. INTAKE CONTROL | 1.5 HR. | G IIR. | 16 HR. 
1 9 0 9 106 106 88 
2 9 9 18 S84 <80 ir 
3 9 10.5 19.5 100 106 133 
4 12 12 24 <80 <80 89 88 
5) 7.5 7.5 15 80 100 88 
6 6 6 12 80 115 94 
7 10.5 9 19.5 <80 <80 <80 
8 9 7.5 16.5 84 115 106 100 
9 9 4.5 13.5 84 <80 <80 
10 7.5 9 16.5 80 84 100 
11 9 4.5 13.5 106 133 106 
; 12 7.9 0) 7.5 80 94 <80 <80 
' 13 10.5 6 16.5 <80 80 84 
14 12 4.5 16.5 <80 89 94 








subsisting on well-balanced diets. No significant alterations of the values of b 
the serum amylase were noted during or after the ingestion of alcohol. It ° 
would appear that aleohol per se, at least in the quantities consumed in the 
present study, does not affect the level of the serum amylase in the normal 
individual. It may be that alcohol ingested in the amounts of this controlled 
experiment are not sufficiently great to affect the serum amylase values or 
that some other complicating factor present in chronic alcoholic subjects studied < 
by other workers accounted for abnormal values in those instances. 
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STUDIES ON THE DEPRESSION OF BRAIN OXIDATIONS 
I. Biopsy TECHNIQUE AND ANALYSIS OF VARIANCE IN THE SELECTION 
oF A PENTOBARBITAL CONCENTRATION! 


D. S. Wintkrys, M.D., R. M. Featuerstonr, Pu.D., C. E. Gray, M.D.,* 
J. T. Scuwippe, M.D., ano M. Brorman, M.D. 
Iowa Ciry, Iowa 


EK ARE pursuing a study of sodium pentobarbital depression of oxygen 

consumption at various levels in the dog brain. Recently reported spectro- 
photometric determinations of barbiturates in blood and _ tissues?* have not 
established concentrations of such drugs suitable for in vitro experiments, The 
present investigation was designed to find a concentration of sodium pento- 
barbital which would significantly, but not completely, depress the oxygen uptake 
of dog cortex. The experimental design comprises a technique for dog brain 
biopsy and the application of analysis of variance to standard manometrie pro- 
eedures in a manner which may prove useful in additional experiments with 
barbiturates and other depressant drugs. 


TECHNIQUE 

A cortical biopsy was taken from each of five dogs by a method devised for this 
experiment. During .Nembutal-nitrous oxide-oxygen anesthesia the temporal muscles were 
partially excised and the calvarium was removed. The dura was excised and replaced 
without suturing, which procedure was found necessary to permit access to the cortex at 
subsequent biopsy without evoking pain and struggling. Number 32 stainless steel wire 
was employed to close the scalp. Approximately seven days later the incision was reopened 
during 1 per cent procaine local, anesthesia injected into the scalp. The dural flaps and 
granulations at the periphery were removed. The cortex appeared normal to gross and 
microscopic examination, A block of cortex approximately 5 by 15 by 20 mm. was excised 
from each hemisphere and placed in a refrigerator. 

Slices were prepared for use according to standard manometric practices. The elapsed 
time from biopsy to oxygenation and equilibration was thirty-five minutes. The flasks 
contained Krebs-Ringer phosphate buffer> in which the caleium chloride content had been 
reduced to prevent the precipitation of calcium pentobarbiturate. The treatments com- 
prised duplicate flasks of (1) 0.00, (2) 0.04, (3) 0.08, and (4) 0.12 per cent sodium pento- 
barbital, as pentobarbital, added to the solution before the flasks were filled. The pH was 
determined by a Beckman pH meter and was adjusted to 7.4 with 1 per cent HCl. Glucose 
was added from the side arm at the end of ninety minutes to produce a final concentration 
of 0.025 per cent. Readings were taken for eight thirty-minute periods. 


RESULTS 


A, B, and C, Fig. 1, are photomicrographs of a section from the biopsy of 


Dog 2. The section is a representative one and is interpreted as showing no 


evidence of inflammation, unusual cellular degeneration, or other abnormalities.® 


From the Divisions of Anesthesiology and Neurosurgery of the Department of Surgery 
and the Department of Pharmacology, College of Medicine, State University of Iowa. 

_The authors wish to thank Mrs. Dorothy Baldwin for her technical assistance during 
cercain phases of the experiment. 
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Fig. 2 is a graphie representation of the results on Dog 5. Each bar on the 
eraph represents cubie millimeters of oxygen consumed per milligram of tissue, 
dry weight, during the preceding thirty-minute period. Attention is ealled to 
the fact that this is the only expression of the results in terms of dry weight. 
Fig. 2 is derived from Table I by the application of the wet to dry weight ratio, 
which was found to be 5.62. The control for Dog 5 consumed 1.846 ¢.mm, of 
oxygen per milligram of tissue (mean of duplicate samples), wet weight, during 
the first ninety minutes. Quastel and Wheatley’ reported 0.780 ¢.mm. in com- 
parable terms for dog cortex. 

Table I presents the data from duplicate samples for four treatments ob- 
served through eight thirty-minute periods on five dogs. Tables II to VIII are 
the statistical analysis, which is presented in toto to clarify the method, Sub- 
sequent statistical analyses from this laboratory will contain a table comparable 
to Table VII only. 

DISCUSSION 


The dog brain was used as its own control for the in vitro addition of the 
desired drug. This method also allows the dog brain to serve as its own control 
for in vivo administration of a compound, For example, it has proved successful 
at this laboratory to remove tissue from one side, controlling the hemorrhage 
with Gelfoam, after which the drug is introduced by the intravenous route 
before taking a second biopsy from the other hemisphere. Moreover, if a small 
amount of cortex is removed, the animal will remain healthy for another pro- 
cedure upon a different brain level at a later date. 

In a departure from custom an analysis of variance,** a statistical method 
appropriate for small samples, has been applied to the data from this experi- 
ment.* Inasmuch as it is felt that this method of statistical treatment, long used 
in the field of agronomy, could find expedient application in many medical 
researches, it will be discussed in detail. 

Table II is a two-way table for the purpose of ecaleulating the dogs times 
periods (D x P) mean square in Table VII. It is made up from Table I; for 
example, the figure 1.104 is the total oxvgen consumption for all treatments of 
Dog 1 during Period 1. Likewise, Table III for the D x T mean square oi 
Table VII contains the figure 3.050, the total oxygen consumption of Dog 1, 
Treatment 1, for all periods. Table IV, referring to T x P in Table VII, is 
constructed in similar fashion. 

Table VIII traces the calculations. Numbers from the preceding tables 
have been substituted for algebraic terms so that they may be followed more 
easily. 

The summary of the analysis of variance, Table VII, contains the deductions 
which may be drawn from the experiment, The main sources of variation are 
dogs, periods, and treatments. The mean square for each is a representation of 
the variance in oxygen consumption attributable to its respective souree. The 
first order interaction, T x P, found to be highly significant, is the appropriate 
error term for estimating the significance of either treatments or periods. D x T 

*For his guidance in the analysis, the authors are indebted to G. F. Sprague, Senior 
Agronomist, United States Department of Agriculture, in charge of the cooperative corn breed- 


ing investigations at lowa State College, Ames, Iowa. They also gratefully acknowledge the 
help of L. A. Knowler, Chairman of the Department of Mathematics, State University of Iowa. 
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Fig. 1 (Cont’d).—See opposite page for legend. 
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2.—Graphical representation of oxygen consumption by brain cortex slices from Dog 5. 
Glucose in final concentration of 0.025 per cent added at beginning of Period 4 
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is the error term for dogs. The error terms represent experimental error. Each 
F value listed is the ratio of the appropriate mean square to the error term. 
F values for significance at the 0.05 and 0.01 levels are included.*” 

It is of note that the selection of first order interactions (T x P and D x T) 
as measures of experimental error makes the conclusions from this experiment 
on five dogs applicable to the general dog population, based upon the assumption 
that the dogs used were a representative random sample of that population. 
However, use of D x P x T would limit any conclusions to the particular five 
dogs in the experiment. 

It is seen that there is a highly significant difference among the control and 
other treatments and that the variance among periods is probably significant, 
as would be expected. The variance among dogs, which approaches significance, 
is certainly higher than desirable. This fact will be discussed later. 

Comparing the control with 0.04 per cent sodium pentobarbital* (Treat- 
ments 1 and 2 in Table VII), one finds the oxygen consumption significantly 
reduced by that concentration. Furthermore, in comparing 0.04 with 0.08 
per cent (Treatments 2 and 3), one may conclude that the inhibition by the 
former is significantly less than that of the latter. In addition, there is no 
difference between 0.08 and 0.12 per cent (Treatments 3 and 4). Sodium 
pentobarbital 0.16 per cent was used on three of the dogs. This oxygen up- 
take, not shown, was statistically identical with the uptakes of 0.08 and 0.12 
per cent. It seems logical to conelude, on the basis of the foregoing facts, 
that 0.08 and 0.12 per cent sodium pentobarbital cause essentially complete 
inhibition of dog cortex oxygen consumption. 

Quastel’s work upon the various substrates inhibited by di-alkyl barbituric 
acid derivatives was done with a 0.12 per cent concentration of those barbiturates.? 

Returning to the substantial variance among the five dogs, it is discerned 
from Table III that the total oxygen consumed by samples from each dog was 
ereater for each succeeding dog used. The linear increase was apparently asso- 
ciated with the improving technique of the experimenters. For example, suc- 
cessively larger sample sizes were used (from 50 to 60 mg. on Dog 1 to 115 to 
130 mg. on Dog 5), due to successively larger biopsies. In other words, variation 
for a form of experimental error has been included with the mean square for ¢ 
main source of variation, dogs. Deviation from linearity is an appropriate 
measure of the ‘‘actual’’ variance among the dogs, The mean square (Dogs, 
Deviation), 0.001117, for this so-called actual varianee, that is, the variance 
inherent in the dogs and uninfluenced by technique, is calculated in Tables V, 
VI, and VIII." "' This mean square was found not to be significant when eom- 
pared with its error term (D x T, Deviation). 

One more conclusion may be drawn from Table VIL. Duplicate samples 
were sufficient, as indicated by the fact that the mean square for sampling error 


is of the same magnitude as that for D x T x P.t 


*In each instance “per cent sodium pentobarbital’ indicates the concentration present 
as pentobarbital. 

7It will be seen from Table I that a particular pair of flasks was used for each given 
treatment throughout the experiments. Any differences among flask pairs are thus confounded 
with treatment effects. It is technically inconceivable that flask pair differences could have 
been important relative to the large treatment differences, so that conclusions concerning 
treatments are considered valid. In subsequent experiments the samples will be randomized 
as to placement in flask pairs. 
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It is perhaps pertinent to point out those things which have been accom- 
plished through analysis of variance and which would have been less clear or 
less easily attained by other statistical methods. Had Fisher’s ‘‘T’’ or the 
difference of means, both of which are commonly used in medical literature, been 
employed, the comparison of the full lengths of the curves would have been 
laborious. Therefore, those portions of the curves following the addition of 
glucose would probably have been totaled, the totals being compared. by the 
alternate methods. Thus, the value existing in the varying shapes of the curves 
would have been lost. 

The statistical conclusion regarding the sufficiency of duplicate samples 
would have been replaced by a merely arbitrary limit of error, such as 10 per 
cent. Such arbitrary treatment might well have required the use of triplicate 
samples, which would have unnecessarily reduced the scope of the experiment, 
as delimited by the size of the biopsies. 

Moreover, by the other methods mentioned the main sources of variation 
could not have been simultaneously ascribed their proper proportions mm respect 
to the experiment as a whole. In other words, a figure representing variation 
among dogs could have been computed (for example, a mean and standard 
deviation of the dog totals). Another figure for the variation among treatments 
could have been computed, and still a third for periods, However, one would 
be left with no clear evaluation of what each might have been while uninfluenced 
by the others. That evaluation has been accomplished through use of the analysis 
of variance. 

We feel that an even more valid concentration of the drug for in vitro use 
would be that found to oceur in the dog brain during hypnosis by the compound. 
However, sodium pentobarbital in a concentration of the magnitude of 0.04 per 
cent should prove satisfactory for testing depression of dog brain oxygen con- 
sumption at various levels. 


SUMMARY 
A method of dog brain biopsy and an analysis of variance, a statistical 
method appropriate for small samples, were combined with standard manometric 
technique in selecting a sodium pentobarbital concentration satisfactory for test- 
ing oxygen consumption at various brain levels. The biopsy procedure allows 
the dog brain to serve as its own control for either in vitro or in vivo adminis- 
tration of drugs and seems well adapted to this tvpe of experimentation. 

An analysis of variance, which permitted the drawing of more conclusions 
than would otherwise have been available from the data presented, disclosed the 
following facts: 


1. Sodium pentobarbital 0.04 per cent, as pentobarbital, significantly de- 
presses the oxygen consumption of dog cortex without completely inhibiting such 
consumption. 

2. Sodium pentobarbital 0.08 and 0.12 per cent are quantitatively identical 
in their almost total abolition of dog cortex oxidations. 

3. The variation among randomly selected healthy dogs is shown to be 
statistically nonsignificant for experiments of this type. 
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4. Duplicate samples were sufficient in the hands of these investigators. 


Conclusions 3 and 4 would not have been readily deduced without this 
method of statistical analysis. Conclusions 1 and 2 are much more accessible 
by this technique than by those more frequently used in the medical literature. 


The experiment does not show which substrates were depressed. 


TABLE I. Cusic MILLIMETERS OF OXYGEN CONSUMED PER MILLIGRAM OF DoG CorTEX (WET 
WeicHT) Durtne E1guHt THIrTY-MINUTE PERIODS FoR EACH OF Four TREATMENTS 
ON Five Dogs 








TREAT- | PERIOD 
MENT |FLASK| : : - 1 f : — 











Deg | 
1 0.298 0.229 0.183 0.275 0.138 0.206 0.046 0.138 
16 0.406 0.145 0.174 0.174 0.029 0.261 0.174 0.174 
Sum 0.704 0.374 0.357 0449 0.167 0.467 0.220 0.312 
: 0.109 0.137 0.109 0.082 0.082 0.109 0.027 0.000 
12 0.245 0.109 0.082 0.109 0.027 0.136 0.082 0.082 
Sum 0.354 0.246 0.191 0.191 0.109 0.245 0.109 0.082 
4 0.127 -0.021 0.127 0.000 0.021 0.042 0.000  -0.042 
13 0.092 -0.046 0.023 0.092 -0.046 0.069 0.046 0.023 
Sum -0.035 -0.067 0.150 0.092 -0.025 0.111 0.046 -0.019 
5 —0.051 0.085 0.034 0.017 0.000 0.051 0.000 —0.017 
14 0.132 —0.106 0.080 0.027 —(0).080 0.106 0.053 0.000 
Sum 0.081 -0.021 0.114 0.044 -0.080 0.157 0.053 -0.017 
Total sum 1.104 0.532 0.812 0.776 0.171 0.980 0.428 0.358 
Dog 2 

1 0.473 0.406 0.254 0.304 0.203 0.254 1.270 0.237 
16 0.453 0.343 0.453 0.156 0.358 0.218 0.265 0.234 
Sum 0.926 0.749 0.707 0460 0.561 O472 0.5385 0.471 
0.118 0.157 0.105 0.105 0.079 0.079 0.092 0.026 
12 0.047 0.172 0.109 0.094 0.125 0 062 0.109 0.062 
Sum 0.165 0.329 0214 0.199 0.204 0.141 0.201 0.088 


4 —0).041 0.096 0.027 0.014 0.028 0.014 0.055 0.000 
13 —0.043 0.085 0.028 0.042 0.057 0.014 0.057 —0.014 


Sum —0.084 0.181 0.055 0.056 0.085 0.000 0.112 0.014 0.391 






































5 —0.011 0.068 0.023 0.034 0.023 0.023 0.045 0.000 
14 ~0.102 0.122 0.020 0.000 0.082 0.000 0.041 0.020 
Sum —0.115 0.190 0.043 0.034 0.105 0.023 0.086 —0.020 


~ Total sum 0.894 1449 241.019 0.749 0.955 0.686 0.984 0.525 


Dog 3 
0.565 0.330 O282 0.173 0.330 0.188 0.267. 0.298 
0.653 0.449 0.326 0.316 0.347 0.347 0.296 0.306 

Sum 1.218 0.779 0.608 0.489 0.677 0.535 0.563 0.60-4 


: 0.188 0.054 0.174 0.054 0.174 0.040 0.080 0.107 
12 0.186 0.116 0.197 0.070 0.151 0.139 0.046 0.128 























Sum 0.374 0.170 0.371 0.124 0.325 0.179 0.126 — 0.235 
4 0.044 0.033 0.055 0.022 0.065 0.011 0.011 0.044 
13 0.039 —0.026 0.077 0.013 0.039 0.052, -0.013 0.064 
Sum 0.083 0.059 0.132 0.035 0.104 0.041 —~0).002 0.108 
5 0.048 -—0.036 0.048 0.000 0.048 0.000 0.000 0.024 
4 0.040 —0.040 0.067 0.027 0,027 0.027 0.000 0.080 
Sum 0.088  -0.076 0.115 0.027 0.075 0.027 0.000 0.104 0.360 
Total sum 1.763 0.814 1.226 0.605 1.181 0.782 0.687 1.051 8.109 
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‘ TREAT- PERIOD 
f MENT | FLASK i es a | o | G&G | | 8 SUM 
Dog 4 
1 it 0.518 0.420 0.350 0.364 0.224 0.322 0.210 0.266 
) 16 0.789 0.594 0.389 0.314 0.367 0.378 0.227 0.151 
Sum 1.307 1.014 0.739 0.678 0.591 0.700 0.437 0.417 5.883 
2 3 0.209 0.185 0.162 0.128 0.116 0.128 0.093 0.070 
12 0.212 0.212 0.175 0.100 0.150 0.137 0.075 0.150 
Sum 0.421 0.397 0.337 0.228 0.266 0.265 0.168 0.220 2.302 
3 4 0.064 0.075 0.043 0.011 0.021 0.064 0.000 0.021 
13 0.092 0.079 0.092 -0.053 0.079 0.053 —0.026 0.106 
Sum 0.156 0.154 0.185 -0.042 0.100 0.117 —-0.026 0.127 0.721 
4 5 0.079 0.066 0.0538 -0.013 0.013 0.079 -0.013 0.013 
} 14 0.110 0.069 0.055 —-0.027 0.096 0.055 -0.055 0.110 
Sum 0.189 0.135 0.108 —-—0.040 0.109 0.1384 -0.068 0.123 0.690 
l Total sum 2.073 1.700 1.319 0.824 1.066 1.216 0.511 0.887 9.596 
Dog 5 
; ] 1 0.678 0.567 0.495 0.3898 0.363 0.315 0.303 0.375 
{ 16 0.900 0.630 0.420 0.310 0.340 0.300 0.310 0.330 
Sum 1.578 L197 0.915 0.708 0.703 0.615 0.613 0.705 7.034 
, 2 3 0.180 0.212 0.201 0.117 0.106 0,212 0.064 0.117 
12 0.209 0.148 0.160 0.098 0.123 0.098 0.062 0.123 
Sum 0.389 0.360 0.361 0.215 0.229 0.310 0.126 0.240 2.230 
3 4 0.030 0.101 0.081 0.030 0.051 0.051 0.010 0.071 
13 0.069 0.055 0.041 0.000 0.055 0.027 0.000 0.110 
Sum 0.099 0.156 0.122 0.030 0.106 0.078 0.010 0.181 0.782 
a] 4 5 0.032 0.086 0.096 0.043 0.043 0.032 0.021 0.064 
14 0.074 0.062 0.050 -—0.025 0.062 0.025 0.025 0.099 
Sum 0.106 0.148 0.146 0.018 0.105 0.057 0.046 0.163 0.789 
{ Total sum 2.172 1.861 1.544 0.971 1.143 1.060 0.795 1.289 10.835 





TaBLE II. Torau Cusic MILLIMETERS OF OXYGEN CONSUMED PER MILLIGRAM OF Dog CoRTEX 
(Wet WeiGcHT) By Att SAMPLES From EacH Dog DurinG EACH THIRTY-MINUTE PERIOD 

















DOGS 

PERIODS 1 | 2 | 3 | 4 | 5 SUM 

il 1.104 0.894 1.763 2.073 2.172 8.006 
j 2 0.532 1.449 0.814 1.700 1.861 - 6.356 
3 0.812 1.019 1.226 1.319 1.544 5.920 
4 0.776 0.749 0.605 0.824 0.971 3.925 
5 0.171 0.955 1.181 1.066 1.143 4.516 
) 6 0.980 0.636 0.782 1.216 1.060 4.674 
ff 0.428 0.934 0.687 0.511 0.795 3.355 
P| 8 0.358 0.525 1.051 0.887 1.289 4.110 
Total sum 5.161 7.161 8.109 9.596 10.835 40.862 
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TABLE IIT. Toran Cuspic MILLIMETERS OF OXYGEN CONSUMED PER MILLIGRAM OF DoG CoRTEX 
(WET WEIGHT) DurRING ALL THIRTY-MINUTE PERIODS BY EACH DoG FoR EACH TREATMENT 











MENTS | 1 BY | 4 | : SUM 
3.050 5.473 883 26.321 

1.527 1.541 1.904 2.302 2.2 9.504 

0.253 0.391 0.372 121 : 2.019 

0.33 0.348 0.360 0.690 ; 2.518 

Total sum 5.161 7.161 8.109 9.596 ; 40.862 


TREAT- | DOGS 




















TasLeE LV. Toran Cusic MILLIMETERS OF OXYGEN CONSUMED PER MILLIGRAM OF DoG CoRTEX 
(Wet WEIGHT) BY ALL Dogs DurRING EACH THIRTY-MINUTE PERIOD FOR EACH TREATMENT 














TREATMENTS | 
PERIODS I 2 3 | 4 | SUM 
733 0.219 0.351 8.006 
113 0.365 0.376 3.356 
26 AT 0.594 0.526 5.920 
.784 957 0.101 0.083 3.925 
“2.699 133 0.370 0.314 4.516 
2.789 : 0.347 0.398 4.674 
2.368 7 0.140 0.117 3.355 
8 2.509 0.865 0.383 0.353 4.110 
Total sum 26.321 9,504 2.518 40.862 
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V. CoMPUTATION OF DevIATION FROM LINEARITY OF EacH Doc IN ESTIMATING THE 
TRUE VARIANCE AMONG Five Docs 


TOTAL EXPONENT 


PRODUCT 


5.161 —10.322 
7.161 — 7.161 
§.109 0.000 
9.596 9,596 
10.8385 2 21.670 


Sum - 413.783 
Sum of (exponent)2 = 10 
Number of observations in each dog 
(Completed in Table VITT) 
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TABLE VIII. CALCULATION OF ANALYSIS OF VARIANCE FOR TREATMENTS 1, 2, 3, 4 ON 
Does 1 To 5 


















SOURCE OF 
VARIATION 


CALCULATION 


NET SUM OF 





SQUARES 
























Correction = C 
Total 
Dogs = D 























Periods = P 





























Treatments — T 




















D x P 



































x? 






















Dx rT x? 


Sampling error 














Treatments 1 and 2 


Treatments 2 and 3 
Treatments 3 and 4 


Dogs, linear 
component 

Dogs, deviation from 
linear 

1) x T, linear 
component 











D x T, 
linear 

















deviation from 






= 40.862 





1669.703044 











(Sum) 2 _ (40.862)2 

Number of observations 320 

(.704)2 + (.374)2 4+... (.163)2 7 
v 


(5.3612 4 (7.461)2 —. ... (10:8385)2 





64 


253.152 164 


64 





J 





26.521)2 - 











80 


(1.104)2 + (.894)2 + 





8 
49.750016 


be) 








33)2 


168.7 16490 
16 














+ (1.703)2 


(8.006)2 + (6.856)2 4... (4.110)2 
40 
225.335454 
40 a 


,» = {2.50812 
ee MY at 


>» - Keo )S 






(3.050)2 + (4.881)2 +. 
16 


= | 


+ oce 


-(€+D+P) 


.. (.789)2 





~ 2(80) 


SOOTS 1 


297016 


10 


10.958303 





(Each divisor above 


- Rx,)2 


x — Bx,)2 


—-2(80) 


(13.785 )2 
10(64) 


(S.970)2 + (2.167)2 4 


~ 10(16) | 


- .296830 


(.406)2 
C) - Total 
(16.817 )2 


296830 














795.806742 
80 


(.099)2 — C] 


160 


(6.985 )2 
160 
(.001)2 
160 
(Each divisor in this group = 
of observations 
prises 80 observations. ) 


2K, where IK = number 
each item; e.g., treatment 1 com- 
(1 2 8 )2 


320 
23.984464 


9 


- C 


Total —(D +P <+T + DxP + DxT 4 TxP) 
[ (.298)2 + 
(12.382724 


(Rx, — x,)? 


282.811489 


160° 


000001 
160 _ 


- 296830 


4S. 780225 
160) 


ae AG a) 


number of observations in each 
subtotal; e.g., in dogs, 5.161 comprises 64 observations. ) 


Total 


O4162 





= 9.217822 


= O07 


4410 


= 0.300181 


= 0.415564 


= 4.729762 


= 0.285185 


= 0.595155 


= 0.151547 


= 0.390492 


= 1.767571 


= 0.304952 


= 0.000000 


= 0.296830 


0.039684 


0.003351 
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STUDIES ON SERUM ESTERASE 
THE SERUM ESTERASE IN LIVER DISEASE 


Martin G. GoLDNER, M.D., AND MARGARET Morsk, B.S. 
Fort LOGAN, CoLo. 


yet ’S recently described micromethod for the determination of blood 
esterase! gave occasion to examine this enzyme in human sera under 
various clinical conditions. The principle of this method is that phenyl- 
benzoate is hydrolyzed into phenol and benzoic acid when incubated with an 
esterase-containing material. The phenol is then linked to a chromogen— 
Red B Salt—which permits quantitative colorimetric estimation. The amount 
of enzymatie activity of the substrate is expressed in micromoles of phenol 
per cubie centimeter material. The details of the procedure are deseribed in 
Gomori’s original publication.! The method can be earried out easily in a 
clinical laboratory. 

Our series consists of more than 400 estimations performed with sera from 
150 unselected patients of this hospital. The blood was withdrawn in the 
morning before breakfast and was permitted to clot; the serum was separated 
and used either immediately or after storage in the refrigerator for twenty- 
four hours. Many of the patients were examined on several occasions. 

Fig. 1 shows graphically the values obtained. The patients are enumer- 
ated on the abscissa, the esterase values indicated on the ordinate. Each dot 
represents one estimation. Where more than one estimation was done on the 
same patient, the individual values are connected by a vertieal line. From 
this graph it is evident that: 


1. Most of the values fall within a range between 12 and 25 micromoles, 
with an average of 16 micromoles. 

2. The fluctuations of serial estimations in the same individual are ex- 
tremely wide in many instances. 

3. There are a number of estimations, individual and serial, which are far 
below the average range. 

The wide spread of the values of the same individual may suggest that 
the blood esterase fluetuates rapidly and widely under physiologie conditions 
and therefore may have little clinical significance. Since this survey was done 
on hospital patients, the alternative possibility had to he considered that the 
fluctuation of the values paralleled in some way the change in the patients’ 
illnesses. Thus it became advisable to determine the blood esterase level in 


From the Medical Research Laboratory of the Veterans Administration Hospital, Fort 
Logan, Colo., and the Department of Medicine of the University of Colorado, School of 
Medicine, Denver, Colo. 
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‘healthy control persons. This was done in five individuals who were fol- 
lowed with serial estimations over periods up to thirty days. It was found 
that each test person maintained a rather constant serum esterase level, al- 
though the different individuals showed different degrees of enzymatic ac- 
tivity in their serum; all of them were, however, well within the average 
range. Fig. 2 demonstrates the serum esterase levels of three normal indi- 
viduals during a ten-day period. In another series the effect of absorption 


MICROMOLES 
OF PHENOL 


‘f24 


Die i a 
* __ en SOR 
~~ 


BLOOD ESTERASE VALUES 
IN 3 NORMAL PERSONS 


OVER A 10 DAYS PERIOD 














and digestion of a fatty meal upon the normal serum esterase level was de- 
termined by hourly estimations over an eight-hour period. No significant 
fluctuations were found. Thus the stability of the serum esterase in health 
appeared to be established. 

We proceeded to correlate the clinical diagnoses of our patients with their 
blood esterase values. At the same time all those patients were selected who 
showed an enzymatie activity of less than 10 micromoles phenol. This level 
was set arbitrarily in the hope that an analysis of values far below the aver- 
age might yield positive results and reveal some clinical condition associated 
with or even responsible for such decrease of enzymatic activity of the serum. 


A tabulation of the clinical diagnoses of our 150 patients is given in 
Table I. The pathologie conditions represented in this series represent cardio- 
vascular disturbances, gastrointestinal diseases, tumors, chronic pulmonary 
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diseases such as tuberculosis, pulmonary fibrosis, and bronchiectasis, acute 
inflammatory conditions, liver diseases, chronic pancreatitis, diabetes, thyroid 
diseases, arthritis, and a few miscellaneous conditions as fractures, severe 
burns, bilateral polycystic kidneys and pyelitis with the differential diagnosis 
of amyloidosis. Twenty-seven of these patients showed a serum esterase value 
below 10 micromoles at a single determination or several determinations. 
Fifteen low values were found in the group of liver diseases, that is, more than 
half of this group was in the low range. Twelve more low values occurred 
in other pathologie conditions: four in chronic pulmonary diseases, two in 
gastrointestinal diseases, and one each in the tumor group, in the cardiovas- 
cular group, and in the diabetic group. The three remaining low values were 
found in the patients with severe burns, bilateral polycystic kidneys and 
chronic pyelitis with possible amyloidosis. 


TABLE I. THE DIAGNOSES AND THE DISTRIBUTION OF LOW SERUM ESTERASE VALUES 
IN 150 UNSELECTED PATIENTS 




















NUMBER OF PATIENTS 
SERUM ESTERASE 
ABOVE BELOW 
DIAGNOSIS TOTAL 10 MICROMOLES 10 MICROMOLES 
Liver disease 28 13 15 
Cardiovascular disease 14 13 1 
Chronic pulmonary disease 30 26 4 
Gastrointestinal disease 18 16 2 
Acute inflammatory condition 8 8 0 
Malignant tumor 10 9 1 
Neuropsychiatric condition 11 11 0 
Chronic pancreatitis : 5 5 0 
Diabetes mellitus 11 10 1 
Thyroid disease 4 4 0 
Arthritis 5 5 0 
Miscellaneous (fractures, severe 6 3 3 
burns, bilateral polycystic kid- 
neys, amyloidosis?) 
150 123 27 














An analysis of the ease histories of these thirteen patients with extra- 
hepatic diseases showed the following: the four pulmonary patients had far 
advanced bronchiectases (two) or pulmonary tuhkerculosis; three of them had 
just undergone chest surgery when the low values were obtained; all four 
were in poor nutritional state. The two gastrointestinal patients had peptic 
uleers with acute complications due to pyloric obstruction in one and per- 
foration with peritonitis in the other. Both patients had serum esterase values 
above 10 micromoles in the postoperative recovery phase. The cardiovascular 
and the diabetic patient had enlarged livers but the usual liver function tests 
had failed to show any abnormality. The patient with tumor was suffering 
from Hodgkin’s disease and was under treatment with nitrogen mustard 
when his serum esterase was determined. Only one single estimation had 
been done in this patient. In these patients as well as in the one with ex- 
tensive burns and the other with the differential diagnosis of amyloidosis, 
it seems doubtful whether the low serum esterase levels can be ascribed to 
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‘their organ disease or are due to some general metabolic involvement. The 
great majority of patients with cardiovascular diseases, pulmonary conditions, 
tumors, ulcer disease, and diabetes mellitus had serum esterase levels well above 
10 micromoles. It should be noted also that none of the five patients with 
chronic pancreatitis had shown a low serum esterase activity; one patient 
in this group had undergone a subtotal pancreatectomy. 

Thus, it appeared that only the group with liver diseases was charac- 
terized in the majority of cases by a low level of serum esterase. A differential 
diagnostic breakdown of this group showed sixteen eases of portal cirrhosis, 
five cases of infectious hepatitis, six cases of cholangitis, cholecystitis, and 
cholelithiasis, and one ease of biliary xanthomatosis. (Table II.) The low 
values were confined to cirrhosis of the liver and to the one ease of biliary 
xanthomatosis. In two instances of liver cirrhosis, where the diagnosis had 


TABLE IT, THE DIFFERENTIAL DIAGNOSIS AND DISTRIBUTION OF LOW SERUM ESTERASE 
VALUES IN 28 PATIENTS WITH LIVER DISEASE 











NUMBER OF PATIENTS 
SERUM ESTERASE 

ABOVE BELOW 

DIAGNOSIS TOTAL 10 MICROMOLES 10 MICROMOLES 
Portal cirrhosis 16 2 14 
Biliary xanthomatosis 0 ql 
Infectious hepatitis ' D 0) 
Cholangitis / cholecystitis j 6 0 
13 15 


























been established by history, clinical findings, and the usual liver funetion 
tests, the serum esterase levels were above 10—in one instance 12, in the other 
16.2 and 18. Out of the fifteen cases with low levels, the usual liver function 
tests such as cephalin flocculation, thymol turbidity, total serum proteins, and 
albumin-globulin ratio had been done and had confirmed the diagnosis in thirteen 
instances. In one patient the differential diagnosis of infectious hepatitis had 
been entertained for some time, but while the jaundice was clearing he developed 
ascites, low blood proteins, and a reversal of the albumin-globulin ratio and there 
could be little doubt that the infectious hepatitis was superimposed upon a 
cirrhotic process. The serum esterase level had been low sinee his admission 
to the hospital. The second patient was in eardiae failure; the liver was large 
and hard; no liver function tests had been done; the serum esterase level was 
low and decreased progressively. The day prior to his death we found an 
activity of only 0.96 mieromole phenol in his serum, the lowest of all our 
values. The autopsy revealed in addition to other findings a far-advaneed 


cirrhosis of the liver. Fig. 3, b demonstrates the individual values obtained in 


all patients with liver disease. 

A direct relationship between course of the disease and the serum esterase 
level was found in several other patients. Two other patients with cirrhosis 
died during the period of our investigation; both showed progressively decreas- 
ing esterase values and again the lowest levels were found shortly prior to death. 
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On the other hand, in patients who improved under medical management, the 
serum esterase increased gradually and paralleled the improvement of the usual 
liver function tests and the general condition of the patient. 

The average value for all levels obtained in cirrhosis of the liver is 9.5 
micromoles phenol. Such average may be of little importance for differential 
diagnostic clinical purposes, because of the spread of the individual values. 
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Fig. 3. 


It demonstrates, however, a significant difference from the average value for 
healthy persons, diabetic subjects, or patients with chronic pancreatitis in 


whom it lies between 16 and 19 micromoles. 


COMMENT 

Gomori' found the serum esterase activity ranging between 14.5 and 
41.2 micromoles per cubie centimeter in his series of fifty-one unselected pa- 
tients. The majority of our values is well within these limits. Gomori did 
not give a list of the clinical diagnoses of his patients nor did he indicate 
the range of fluctuations of enzymatic activity in the serum of the same in- 
dividual at repeated examinations. While these variations have been ex- 
tremely wide in many of our patients, we have found that in health the 
serum esterase level tends to be rather constant. 

A markedly low esterase activity in the serum of patients with chronic 
liver disease has been reported by a number of other investigators.*° These 
studies were done with different methods, the stalagmometrie or the acid 
titration procedure. Further investigations will have to show whether the 
esterases determined by these procedures are identical. Lagerloef? found that 
the level of the serum esterase is not altered hy panecreatectomy and postulated 
that this enzyme originates in the liver. Our own observations are in 
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agreement with his findings. While chronic pancreatic disease such as chronic 
pancreatitis and pancreatic sclerosis with steatorrhoea was not associated 
with low serum esterase values, such decreased enzymatic activity was present 
in almost all of our patients with chronic and extended parenchymatous liver 
damage. 

Our series is too small to offer the serum esterase estimation as another liver 
function test or as a diagnostic test for cirrhosis of the liver. Most of our 
patients had far-advanced disease and we do not know yet whether signifi- 
cant changes in the serum esterase can be detected early enough to be of di- 
agnostic help and to supplement the already large battery of liver function 
tests. 

In view of our observations of low serum esterase levels in a few patients 
with chronic pulmonary disease, it is of interest that Paraf and associates,° 
working with the stalagmometric method, reported a direct relationship be- 
tween serum esterase levels and the severity of pulmonary tuberculosis. An 
analysis of the values of all our pulmonary eases, however, did not reveal such 
relation. We found low values in only four out of thirty patients; three of 
them had just undergone severe thoracic surgery. It seems that their general 
condition, possibly an involvement of liver metakolism, was responsible for 
the decrease in the serum esterase activity and not the underlying pulmonary 
disease. 


Nothing is known about the physiologic function of the serum esterase 


determined with the deseribed method. Our observations, however, seem to 
indicate that this enzyme is present in the blood of healthy individuals at a 
‘ather constant level, that it is not involved in the process of absorption or 
digestion of fatty nutrients, and that it is not related to the fat splitting en- 
zyme of the pancreas. 


SUMMARY 


1. The Gomori method for estimation of the serum esterase was used for 
the examination of the serum of 150 unselected patients and a group of normal 
individuals. 

2. Under physiologic conditions this esterase seems to be present in the 
serum at a rather constant level. 

5. Under pathologie conditions, mainly in advaneed cirrhosis of the liver, 
this serum esterase is significantly decreased. 
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A* ATMOSPHERE of increased CO, concentration has been proved many 
times to be an important factor in stimulating the growth of a number of 
bacteria. The use of candle jars is one of the simplest means of obtaining addi- 
tional CO, and was the method employed for several years by the Georgia De- 
partment of Public Health. This method had many disadvantages which were 
especially evident in the cultivation of blood specimens for Brucella organisms. 
These specimens were examined weekly and the negative cultures incubated for 
four weeks. The long ineubation period necessitated the use of many jars, the 
handling of which was time consuming, and the additional moisture from the 
eandles encouraged fungous contaminants. <A concentration of 5 to 10 per cent 
CO, has been shown to produce optimum growth of Brucella abortus.' Since 
the CO, concentrations in the candle jars were usually less than this level and 
also quite variable, some device was needed to simplify and improve this method. 
The device had to be simple to operate, efficient, and large enough to accommo- 
date both the Brucella cultures and those of other organisms requiring in- 
creased CO, atmosphere. 

Various methods have been used by other laboratories. Large air-tight 
‘ans or jars have been fitted with special outlets so that the desired percentage 
of air could be removed and replaced with CO,. After adding the CO,, these 
cans or jars were ineubated in an ordinary air incubator. Special ineubators 
have been constructed, such as the nonventilated ‘‘capneiec’’ ineubator.? This in- 
cubator is filled, by means of a rotameter, with a measured mixture of gases 
producing the desired atmosphere. Another procedure is the use of a regular q 
air incubator into which a very small amount of CO, is allowed to flow con- | 
stantly. This latter method is very inaccurate as the percentage of CO, in the 
incubator is unknown. Our plan was to pass a measured amount of CO, into 




















an ordinary air incubator once a day and then, by testing samples of the in- i 
eubator air at hourly intervals, to determine the decrease in CO, over a twenty- | 





four hour period. By this method we hoped to arrive at the amount of CO, 
which should be added once a day to give an atmosphere of 5 to 10 per cent 
during most of the following twenty-four hours. 











From the Georgia Department of Public Health Laboratories. 
Presented before the Laboratory Section of the Southern Branch American Public 
Health Association at the Annual Meeting in New Orleans, La., April 138, 1948. 


Received for publication, April 13, 1949. 
865 













REESE, MORRIS, AND SUNKES 


CONSTRUCTION AND OPERATION 























An air ineubator* was selected. The two lower ventilation outlets on each 
side were closed from the inside with cork stoppers and a two-hole rubber stop- 
per was placed in each of the two top outlets. One hole in each of the stoppers 
was left open for ventilation, and in the other two holes were placed glass tubes 
for the addition of CO, (Fig. 1, A) and for sampling the incubator air (Fig. 
2,1). 

We use the Liquid Carbonie Corporation’s Medical Carbon Dioxide cylinder 
with a regulator made by the same company, but presumably any type CO, 
cylinder with a serew valve regulator would be satisfactory. The usual dial 
gauge found on these regulators is not shown in Fig. 1. Such an indicator is 
unnecessary as it does not register less than 5 pounds pressure. Valve E is also 
unnecessary except in the initial opening and checking of the regulator; in 
routine use it is kept open at all times. 

When CO, is to be added, the cylinder valve (B) is opened all the way and 
the screw valve (C) is carefully closed until the desired pressure is obtained. 
This pressure is measured by mercury in a U tube (D), the open side of which 
is marked in fractions of an inch. This U tube is connected to the regulator 
by a T tube, the other side of which is connected with the glass tube (A) that 
takes CO, into the incubator. The U tube is supported in a large plugged test 
tube that is clamped to the regulator. (This clamp is not shown in Fig. 1). 




















The apparatus for measuring the percentage of CO, in the incubator is 
a homemade modification of an Orsat gas apparatus (Fig. 2). Samples of 
gas are taken through a tube (Z) at various levels in the incubator, the quan- 
tity of the samples being controlled by clamp H. With clamp H. open and 
clamp KX. closed, the gas is brought into the burette (Y). This burette is made 
from the bulb of a 50 ml. pipette attached to a long glass tube. The tube is 
calibrated in milliliters and the total measurable capacity of the burette is de- 
termined (in this apparatus from X to Y is 58 ml.). By means of a leveling 
bottle (N), the burette is filled with distilled water, to which has been added 
2 drops of concentrated H,SO, and sufficient methyl red to show that the water 
is acid at all times. The absorption gas pipette (JZ) is made by attaching the [ 
bulbs from two 100 ml. pipettes and filling the absorption compartment with 
pieces of glass tubing. To the crooked neck of the expansion compartment is 
attached a gas expansion bag, in this case made from a small funnel covered 
with rubber from a rubber glove (Rk). The pipette is filled with approximately 
80 ml. of 50 per cent KOH. 

To make a reading of percentage CO, with this apparatus, the KOH is first 
brought up to W by lowering the leveling bottle below the table-top with H 
closed and K open. When the KOH is at W (a point about midway between 
the bulb and the rubber tubing) K is closed. Then by opening H, the burette 
is filled and emptied twice with gas from the incubator, to remove any gas left 
from previous tests. About five minutes is allowed after each of these fillings, 











*Thelco Precision No. 6, Electric incubator No. 1485, large. 
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then the sample (58 ml.) of air is carefully taken by lowering the water from 
X to Y. The tube is allowed to drain for one minute, then the water in the 
bottle and that in the tube are leveled at Y, and H is closed. K is opened 
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Fig.1 Apparatus for adding carbon dioxide to the incubator 
(As used routinely) 
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Fig.2 Apparatus for testing carbon dioxide content of the incubator 
(Used only while determining amount of CO, required) 





and the gas in forced into the gas pipette (M) by raising the leveling bottle 
until water reaches X. This forcing of the gas into the pipette is repeated six 
times, with care taken not to force bubbles through the KOH. After the sixth 
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‘ absorption the KOH is brought again to the point W, and K is closed. The 
tube is allowed to drain one minute; then the water in the bottle is leveled with 
that in the tube and a reading is made. The number of cubic centimeters of 
water above the mark Y represents the quantity of CO, absorbed from the 
sample of gas. This is transcribed from milliliters of CO, in 58 ml. of gas to 
percentage of CO, in the ineubator at the level and time tested. 


As in working with any Orsat gas apparatus, several precautions should 
be observed. When fresh water or fresh KOH is added, air is forced through 
the apparatus several times so that all dissoluble air will be dissolved by the 
liquids before any test is made. Periodically the absorption of the gas by KOH 
is checked by forcing the gas being tested into the pipette seven to eight times 
and comparing that reading with the reading made after six absorptions. In 
no instance was this higher than the reading after six absorptions. 


ADDITION OF CO, 


The gas-measuring apparatus was used to determine the amount of CO, 
required to give an atmosphere of approximately 5 to 10 per cent in the ineuba- 
tor over the longest practical period. One hundred and thirty-nine readings 
were made. The first few determined what percentage of CO, would be obtained 
by holding the mereury column at different heights for varying lengths of 


time. Then several tests were made to determine the approximate drop in CO, 
during the first few hours. These tests showed that if approximately 20 per 
cent is added there will be a drop to approximately 12 per cent in three hours, 
and then the decrease will be markedly less and more constant. With this ten- 
tative information it was decided to add 1 in. mercury of CO, for four and a 
fourth minutes. Several series of hourly readings were made starting fifteen 
minutes after the addition of CO, and extending for twenty-four hours. The 
average percentages obtained are shown in Fig. 3. In thirteen series the average 
initial percentage of CO, was 19, and hourly readings for the next three hours 
were 14.6, 13.1, and 11.7 per cent respectively. At this point the rate of decrease 
level to only 0.35 per cent per hour for the next twenty-one hours tested, leaving 
4.4 per cent CO, in the ineubator at the end of twenty-four hours. Variations 
from these averages were small. In all the readings for the last twenty-one 
hours, the highest decrease in CO, per hour was 0.5 per cent and the lowest, 
0.2 per cent. Although there was considerable fluctuation of the mereury column 
at various times while adding the CO., in no instance was there a variation of 
over 1.7 per cent in the incubator fifteen minutes after the addition, and at 
the end of three hours the variation was never over 0.5 per cent. From these 
readings it may be concluded that after adding 1 in. mereury of CO, for 
four and one-fourth minutes the incubator tested will contain approximately 
11.7 to 4.4 per cent CO, for twenty-one hours. This concentration range is 
apparently favorable to the growth of Brucella abortus and to most of the 
other organisms that require increased CO, tension. 
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The readings, as recorded in Fig. 3, were of samples of air taken from the 
middle shelf of the incubator. Two series were observed hourly on samples from 
the lowest shelf and they showed approximately the same percentage as the 
middle shelf. Air from the top shelf also was tested in the same manner; 
the initial readings, fifteen minutes after addition of CO,, were approximately 
4 per cent lower than those of the middle and lowest shelves, but after one 
hour the percentages were the same. Three series also were done on a candle 
jar; the initial readings, five minutes after the candle stopped burning, were 
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Fig. 3.—Rate of CO: decrease in the incubator after adding 1 in. mercury of CO: for 

four and a fourth minutes (incubator kept closed). These are the averages from thirteen 
series of hourly readings. 
3.1, 3.1, and 2.8 per cent. The percentage of CO, in the jar showed a steady 
decrease to a fraction of 1 per cent at the end of twenty-four hours, but work 
was not done to show what the decrease in the jar would be in the presence of 
Brucella organisms or contaminants. 

Routinely, CO, is added at about 4:00 p.m. and the incubator doors are 
kept closed until 2:00 p.m. the following day, at which time the transplants and 
examinations are made. If for any reason the doors must be opened in the 
morning, a small amount of CO, may be added so that the incubator will not be 
without CO, for the remainder of the day. Before each addition of CO, the 
incubator doors should be opened to remove any CO, left from the previous 
addition. Addition of CO, does not alter the incubation temperature. 
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CULTURES 


Eight strains of Br. abortus were used and twenty-eight comparisons made 
to show the difference in growth in candle jars and the CO, incubator. Some 
of these strains were recently isolated and others had been on artificial media 
for several months. Bottles of Tryptose broth were inoculated and incubated 
for forty-eight to seventy-two hours; then two sets of decimal dilutions were 
made through twenty tubes on each culture. One set was incubated in the CO, 
incubator and the other in candle jars. Observations for turbidity were re- 
corded at the end of forty-eight hours. After that time, accurate comparisons 
could not be made because in most instances tubes in the incubator showed 
heavy growth through the twentieth dilution. In seventeen of the twenty-eight 
comparisons the candle jars were used as in routine Brucella culturing, that is, 
the candles were lighted when the tubes were first placed in the jars and the 
jars were not opened until after forty-eight hours of incubation (Fig. 4). A 
second group of eleven comparisons was made in which the candles were re- 
lighted at twenty-four hours (Fig. 5). 

In both groups the incubator apparently gave better growth than the candle 
jars, but the differences were much more evident when the candles were not 
relighted. The average difference in growth in the incubator and the jar as 
used routinely (Fig. 4) was approximately nine decimal dilutions more in the 
incubator, with the greatest difference being nineteen tubes and the least four 
tubes. When the candles were relighted at twenty-four hours, the average 
difference in eleven comparisons was four decimal dilutions more in the incu- 
bator. In four instances the comparative growth did not differ more than one 
tube, and in two instances the incubator produced growth in ten decimal dilu- 
tions higher than the candle jar. (Fig. 5.) 

For seventeen months all cultures for Brucella and their transplants have 
been grown in the CO, ineubator. During this time Brucella organisms have 
been isolated from fifty-six specimens. From one hundred and eight blood clots 
cultured from ninety-three patients having positive agglutination reactions 
with Brucella antigen, twenty positive cultures were obtained. Ten of these 
were Br. abortus, nine, Br. suis, and 1, unclassified. From seventy-six special 
bottles containing culture media® sent to physicians for whole blood specimens, 
fifteen Br. abortus and twenty-one Br. suis cultures were isolated. During this 
routine use of the ineubator, mold contaminants were observed very rarely. 
These contaminants had been quite prevalent in cultures kept in candle jars for 
several weeks. 

Before using the CO, ineubator for routine cultivation of gonococci, several 
series of duplicate plantings were made from cervical specimens in order to 
compare growth (number and size of colonies) obtained in the CO, ineubator 
with that in candle jars. Growth was approximately the same, and in no in- 
stance was a culture positive in the candle jar and negative in the CO, ineubator. 


Sinee these comparisons proved satisfactory, the CO, ineubator was put into 


routine use for growing all gonococcus cultures and has been used satisfaetorily 
for seven months. Other miscellaneous cultures (streptococci, Temophilus in- 
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fluenzae, and Streptobacillus moniliformis) have heen grown successfully in the 
incubator. For routine culture work it has proved to be convenient and inex- 


pensive to operate. 


Comparative Series 


—— Growth in C02 incubator 
---- Growth in candle jar. 
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Highest Decimal Dilution Showing Evidence of Growth 


Fig. 4.—Comparative growth of Br. abortus in broth incubated in the COz incubator and 


in candle jars (jars not opened until after forty-eight hours). 
eight hours. 
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Fig. 5.—Comparative growth of Br. abortus in broth incubated in the CO2 incubator and 


in candle jar (candles relighted after twenty-four hours). 
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SUMMARY 


The conversion of an ordinary air incubator to an incubator with a meas- 
ured increased CO, atmosphere has been described. The conversion and stand- 
ardization were simple and required only materials found in the usual bacterio- 
logie laboratory. After adding 1 in. mereury of CO, for four and a fourth 
minutes, this incubator maintains an approximate percentage of 11.7 to 4.4 
per cent of CO, for twenty-one hours and has proved to be more efficient than 
candle jars for growing Br. abortus and other organisms requiring an increased 
CO, atmosphere. It is efficient, easy to operate, and practical for daily use in 
diagnostic laboratories. 
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A PHOTOMETRIC MODIFICATION OF THE HYPOBROMITE 
METHOD FOR NONPROTEIN NITROGEN 


D. A. Fer, M.D., DoLores CruGER, B.A., AND H. B. Couuier, Px.D. 
SASKATOON, SASKATCHEWAN, CANADA 


APPAPORT and Ejichhorn' have recently published a rapid titrimetric 

micromethod for the determination of nonprotein nitrogen, based upon the 
hypobromite reaction; they claim excellent agreement with the results of 
micro-Kjeldahl analyses. The application of the hypobromite method to the 
determination of urea in blood and urine has been discussed by Peters and Van 
Slyke,? who pointed out that urea does not react quantitatively with the re- 
agent, and that ammonia, uric acid, and creatinine do react to some extent. 
Thus good results in the determination of urea depended upon a balancing of 
errors. 

In a preliminary examination of the Rappaport and Eichhorn method for 
nonprotein nitrogen in blood filtrates, we found that urea reacted quantitatively, 
amino acids gave considerably greater than 100 per cent recovery, and creatinine, 
uric acid, or adenine much less than theoretical recovery of total nitrogen. 
Titration of actual blood filtrates gave values corresponding to 93 to 94 per 
cent of the total nitrogen, as compared with micro-Kjeldahl analyses. 

The present report describes a modified procedure in which the liberated 

iodine is estimated photometrically, and in which reliable and precise results 
are conveniently obtained. 
METHOD 
The reagents were those described by Rappaport and Eichhorn, unless modified as 
indicated below. All reagent solutions were made up in redistilled water or Vacoliter 
water, in order to avoid the possibility of turbidity in the photometric analysis. Accurate 
volumetric flasks and pipettes were used throughout. 

Reagents.— 

A, Deproteinizing Solution: Modified Abrahamson’s reagent. 

B. Deaminating Reagent: Nineteen parts of boric acid-fluoride mixture mixed with 1 
part of bromine solution. 

C. Reagents for Liberation of Iodine: 

1. Potassium iodide, 10 per cent solution. 

2. Hydrochloric acid, 6N (18 per cent): equal volumes of concentrated hydrochloric 
acid and distilled water. 

Notes. Potassium bromate was found most convenient for making up 
bromine solution B4, as suggested by Rappaport and Eichhorn, The deaminating 
reagent was found to keep for about three hours, after which it should be made 
up fresh. The strength of this reagent should be adjusted by varying the pro- 
portion of bromine solution B4 to borate-fluoride solution B5 so that the blank 
reading lies within the most sensitive range of the photometer, i.e., in the range 

35 to 40 per cent transmittance. 
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Procedure.— 

1. Pipette 0.100 ml. of finger-tip or venous blood into 5.00 ml. of Abrahamson’s depro- 
teinizing fluid. Mix thoroughly and filter (or centrifuge). 

2. Into a 25 ml. volumetric flask containing about 10 ml. of water, pipette exactly 3.00 
ml. of the clear filtrate and 5.00 ml. of deaminating reagent. 


3. Wait exactly two minutes after the addition of the deaminating reagent and then 
add 0.2 ml. of 10 per cent KI and 3 ml. of 18 per cent HCl. 
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Fig. 1.—Calibration curve for photometric nonprotein nitrogen estimation. The vertical 
axis represents differences between optical density of blank and of unknown. Coleman Junior 
spectrophotometer at 475 millimicrons. 


4. Dilute to the mark with distilled water, invert to mix, and read at once in the 
photometer. 

5. Prepare a reagent blank, substituting 3 ml. of deproteinizing solution for the blood 
filtrate in (2), and proceed as described. 

6. Subtract the optical density reading of the blood filtrate from that of the reagent 
blank, and, using the difference, read off the concentration of nonprotein nitrogen from the 
calibration curve. 


Notes. In procedure (2) a tube calibrated at 25 ml, such as the Folin- 
Malmros blood sugar tube, may be substituted for the volumetric flask; a Folin- 
Wu sugar tube is not suitable. 

(3) In adding the HCl, the technician must avoid transferring KI from the 
mouth of the flask or tube back into the HCl stock bottle on the tip of the pipette. 
This will turn the acid yellow. 

(4) Filter photometers such as the Lumetron and Fisher have been used, 
with the blue filters supplied. We used a Coleman Junior spectrophotometer, 
with 19 mm. cuvettes, set at 475 millimicrons. The wave length setting is not 
critical, as free iodine does not give a sharp absorption band. 

(5) As the calibration curve is not linear above 100’ mg. per cent, blood 
filtrates giving a value above this must be diluted as necessary, and the determina- 
tion repeated. 
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Calibration.—A ealibration curve was obtained by using a series of blood 
specimens with nonprotein nitrogen values up to 100 mg. per cent. Readings 
were made upon these as deseribed, and the actual nonprotein nitrogen was 
accurately determined by a micro-Kjeldahl procedure. For the various speci- 
mens, the difference in optical density between blank and blood filtrate was 
plotted. against the nonprotein nitrogen of the whole blood in milligrams per 
100 milliliters. 

The calibration curve obtained with the Coleman Junior Spectrophotometer 
is illustrated in Fig. 1. The precision of the method is indicated by the results 
of replicate determinations upon separate filtrates of the same blood, as pre- 
sented in Table I. 


TABLE [. PHOTOMETRIC DETERMINATION OF NONPROTEIN NITROGEN IN WHOLE BLoopD 
(Optical density readings in Coleman Junior spectrophotometer at 475 mz) 






































N.P.N. BY 
MICRO- READINGS OF MEAN 
KJELDAHL - REPLICATE DIFFERENCE 
(MG. PER BLANK BLOOD 7 
CENT ) READING FILTRATES DIFFERENCE N.P.N. 
25.5 0.468 0.409 0.059 0.00243 
0.406 0.062 
0.403 0.065 
0.406 0.062 
0.405 0.063 
42.5 0.468 0.364 0.104 0.00254 
0.360 0.108 
0.358 0.110 
0.358 0.110 
; 0.360 0.108 
53.0 0.468 0.336 0.132 0.00253 
0.330 0.138 
0.337 0.131 
0.334 0.134 
0.334 0.134 
68 0.468 0.301 9.167 0.00247 
0.302 0.166 
0.298 0.170 
0.297 0.171 
0.301 0.167 
85 0.468 0.2538 0.215 0.00248 
0.259 0.209 
0.258 0.210 
0.258 0.210 
0.259 0.209 
Constant, by method of least squares 0.00249 





If a reliable micro-Kjeldahl method is not available, the procedure may be 
calibrated with a standard urea solution, although urea gives readings about 
5 per cent higher than blood filtrates with equivalent nitrogen contents. Weigh 
out accurately 200 mg. of chemically pure urea and dissolve in distilled water 
to 100 ml., giving a solution with nonprotein nitrogen concentration of 93.3 mg. 
per 100 milliliters. Using this solution carry out the steps of the procedure as 
with whole blood. Prepare a calibration curve by making serial dilutions of 
this standard urea solution. 
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CONCLUSION 


The hypobromite method for nonprotein nitrogen in whole blood has been 
modified in that the liberated iodine is estimated photometrically, rather than 
by titration. The method is standardized by micro-Kjeldahl. It affords 
readily reproducible results, and is much more rapid and convenient than the 
conventional Folin-Wu determination. 
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STANDARDIZED REAGENT FOR THYMOL TURBIDITY TEST 


J. DE LA Huerea, M.D., AND Hans Popper, M.D., Pa.D. 
Cuicago, IL. 


HE thymol turbidity of Maclagan’ ? has been widely accepted as an hepatic 

test; however, the normal range recorded by different investigators varies.'* 
The thymol reagent is a supersaturated solution. This causes a variation of the 
thymol concentration in different reagents prepared. This is significant since 
the reagent becomes turbid after a few days of standing at room temperature. 
In the following, the error resulting from the use of different thymol reagents 
is evaluated and their thymol concentration is determined. In addition, the 
preparation of a uniform thymol reagent is described which is not subject to 
the mentioned error. 

METHODS 


The thymol turbidity was determined following the original description,1,2 the cali- 
bration being done with barium sulfate according to Shank and Hoagland.9 The units re- 
corded with this calibration are twice as high as those with the standard of Maclagan, since 
the barium sulfate suspension is wrongly based on a 0.962 normal instead of molar barium 
chloride solution.1° Inasmuch as the values can be converted into each other by simple mul- 
tiplication or division by two, the units are easily comparable if reference is made to the 
standard used. 


For determination of the thymol concentration in thymol reagents, the following 
method was adapted. ‘ 


Reagents.— 


1, Folin and Ciocalteu phenol reagent.11 
2. 2.5N NaOH 
3. Thymol standard solution containing 60 mg. of pure thymol per liter. 


Standard Curve.— 


Exactly 1, 2, 3, 4, and 5 ml, of the standard solution are transferred to 50 ml. volu- 
metric flasks. Another flask is reserved for the blank. Water is added to all flasks to make 
approximately a total volume of 25 milliliters. Then, 4 ml. of 2.5N NaOH solution, 
and slowly, while shaking, 3 ml. of the Folin-Ciocalteu reagent are added. The 
volume is made up to the mark with water and the readings are made after fifteen minutes, 
using a wave length of 620 millimicrons. The blue color is stable for at least twenty-five 
minutes. The curve follows Beer-Lambert’s law. 


Results.— 


For Determination of the Thymol Concentration in Maclagan’s Reagent: The reagent 
was diluted 5 ml. to 100 ml., and from this dilution 5 ml. were pipetted into a 50 ml. volu- 
metric flask and the color was developed as in the standard curve simultaneously with a 
blank and 5 ml. of the standard solution. In twenty-seven thymol reagents prepared according 
to Maclagan on the same or different days, the thymoi concentration varied from 89.5 to 117 
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mg. per 100 ml. of reagent. The mean of the thymol concentration was 102 mg. per 100 ml. 
with a standard deviation of + 2. Therefore, in the foilowing experiments a concentration 
of 100 mg. per 100 ml. of reagent was selected. 


The influence of the thymol concentration of the reagent upon turbidity readings was 
determined by measuring the turbidity resulting from using seven different Maclagan re- 
agents of varying thymol concentration for four sera. In general, the turbidity was pro- 
portional to the concentration of the thymol in the reagent (Fig. 1). In addition, the 
thymol reagent with the highest thymol concentration was diluted with the barbital buffer 
to produce concentrations of 95, 90, and 85 per cent of*the reagent. The turbidities were 


proportionate to the thymol concentration. 








i ea 


90 100 10 120 
MG. THYMOL PER 100 CC. REAGENT 


Fig. 1.—Relation between the thymol turbidity of four sera and the thymol concentration of 
the reagents. 


A Thymol Reagent With Constant Thymol Concentration Was Prepared as Follows: 
Because U.S.P. thymol may contain impurities which are not soluble in ethyl alcohol, a bulk 
amount of thymol was dissolved in 95 per cent ethyl alcohol, and the insoluble material was 
removed by filtration. Cold water was added to the filtrate to precipitate the thymol. The 
crystals were dried on a desiccator under anhydrous calcium chloride for two or three days. 
Then, an exactly 10 per cent solution of the dried thymol in 95 per cent alcohol was prepared 
which serves as permanent stock solution, The thymol reagent is prepared by transferring 
about 80 ml. of the barbital buffer (prepared according to Maclagant, 2 but without thymol) 
to a 100 ml. glass-stoppered volumetric flask, and adding exactly 1.0 ml. of the 10 per cent 
alcoholic thymol solution, the thin oily layer of thymol is dissolved by shaking the flask 
vigorously for thirty to sixty seconds and then more buffer is added to make to the mark. No 
oily droplets must be seen in the neck of the flask. In eighteen different lots prepared from 
three different stock solutions on different days, the concentration of thymol was 100 mg. + 
1. If necessary, a large volume of reagent may be prepared accordingly. 

Since in barbital buffers without thymol an amorphous precipitate may eventually form, 
probably because of the growth of mold or bacteria, a stock barbital buffer solution with half 
concentration of thymol which does not permit bacterial growth and which is not super- 
saturated was prepared as follows: About 800 ml. of the barbital buffer solution were 
transferred to a 1 liter volumetric flask, and 5.0 ml, of the 10 per cent alcoholic thymol 
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solution were added. The flask was then shaken as before and filled with buffer to the mark. 
To prepare the thymol reagent, 0.5 ml. of the 10 per cent thymol stock solution is diluted as 
described to 100 ml. with the buffer thymol solution. The reagents prepared by either method 
can be kept at room temperature and used until turbidity develops. 


To ascertain whether the presence of 1 ml. of ethyl alcohol per 100 ml. interferes with 
the thymol turbidity test, to different aliquots of Maclagan’s thymol reagent 95 per cent 
ethyl alcohol was added to produce an alcohol concentration of 1, 2, and 3 per cent re- 
spectively. The turbidity readings of different sera by use of the reagent with 1 and 2 per 
cent alcohol did not differ from those obtained with the original reagent, while in a few 
sera a slight aberration was noticed with the 3 per cent alcohol reagent. 


Using the alcoholic thymol stock solution, a thymol reagent with thymol concentration 
of 120 mg. per 100 ml. was prepared, which is about 20 per cent more concentrated than 
most of Maclagan’s reagents. As expected, with this reagent the turbidity readings of 
normal and pathologic sera were higher than with the original reagent. However, no ad- 
ditional diagnostic benefit was observed from using this modification. 


DISCUSSION 


The thymol turbidity readings depend upon the thymol concentration of 
the reagent used. Since the latter varies in view of the slight supersaturation 
of the reagent, it was not surprising that different lots produced different 
readings with the same serum. Alcohol increases the solubility of thymol in 
water and thus permits the preparation of uniformly supersaturated thymol 
reagents. Since the thymol reagent is not stable for more than two weeks and 
has to be prepared repeatedly, it appears advantageous to use the presented 
modification by using a stable alcoholic stock solution and a stable buffer with 
half concentration of thymol, which will give a uniform thymol concentration 
in any batch prepared. 


In addition to the necessary standardization of the calibration (which 
takes into account the double unitage reading, if the published standard of 
Shank and Hoagland® is used) standardization of the thymol reagent should 
assist in producing uniform results in the same laboratory and in different in- 
stitutions. 


SUMMARY 


A modification in the preparation of the thymol reagent in Maclagan’s 
thymol turbidity test is proposed by using a stable 10 per cent alcoholic thymol 
stock solution and a stable barbital buffer with one half thymol concentration. 
Using this modified reagent, the variations in the results due to different thymol 
concentrations in various batches of the original thymol reagent of Maclagan’s 
are avoided. 
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VACUUM SAMPLING TUBE FOR RESPIRATORY GASES 


C. A, Forssanper, M.D. 
PHILADELPHIA, PA. 


APID repetitive sampling of respiratory gases is often necessary, and in our 
own case it has been needed for estimation of cardiac output. For accurate 
estimations a tube has been devised which will in quick succession wash out the 
instrumental dead space and collect the sample. The tube was designed for use 
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Fig. 1. 


with the Scholander gas analysis apparatus and has been found very suitable, 
for the sample can be transferred directly without the necessity of using the 
conventional transfer pipette, thus eliminating a possible source of contamina- 
tion. By increasing the dimensions of the tube it is suitable for use with the 
Haldane gas analysis apparatus. 
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Construction.—The tube is made of glass and consists of two barrels, one of 
half-inch internal diameter and 10 ¢.c. capacity to receive the sample and the 
other of quarter-inch internal diameter and 5 ¢.c. capacity to receive the dead- 
space air from the supply lines. A twoway cock connects the lower end of 
either barrel to a length of Tygon tubing (superior to rubber since it does not 
leak under pressure) which leads to the mercury reservoir. Another cock at 
the upper end connects either barrel with the intake, which is fitted with a short 
length of stainless steel tubing, to which may be fitted the small-bore polyvinyl 
tubing leading to the point from which it is desired to sample. A piece of 
similar tubing, six inches long with conventional rubber tip fixed at the end of a 
short piece of narrow-bore glass tubing, is used for transferring the sample to 
the Scholander apparatus. The sampling tube, with its fellows, is supported 
in a stand rather like a large test tube rack and is nine inches high. 


Mode of Use.—Before use, each barrel is evacuated separately in the ordi- 
nary way, and the volume of the smaller barrel evacuated can be varied with 
the length of line to be cleared. Sampling is then carried out when desired by 
turning the upper cock through a complete rotation. 

The vacuum sampling tube described has been devised for operations in 
which rapidly obtained uncontaminated samples of gas are required; it also 
provides a simplified and accurate method of transfer of gases to the Scholander 
gas analysis apparatus. 


The tube was made up in the Department of Physiology, University of Pennsylvania, 
by Mr. J. D. Graham. 














